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ABSTRACT 


The  purpose  of  this  study  was  to  develop  a  technique  of  predicting 
the  operational  characteristics  of  possible  transit  system  alternatives  that 
would  be  required  to  attain  various  levels  of  mode  split,,  The  investigation 
used  the  1964  Edmonton  Transit  System  as  the  basic  network  and  the  mode  split 
relationships  for  the  City  of  Edmonton  as  determined  by  Rhyason,  1967. 

The  basic  network  was  coded  in  a  form  suitable  for  minimum  time 
trip  path  assignment  according  to  data  obtained  from  the  City  of  Edmonton 
Transit  System,,  Considerable  time,  beyond  the  requirements  of  this  parti¬ 
cular  analysis,  was  spent  in  coding  the  network  so  that  future  testing  of 
transit  alternatives  could  be  easily  accomplished,. 

The  minimum  time  "tree"  and  minimum  "path"  programs  more  commonly 
used  for  automobile  networks  were  modified  for  use  with  a  transit  network  by 
Dr.  J«  N.  Supersad,  and  extensively  tested  on  the  network  of  this  problem. 
These  programs  were  used  to  find  the  minimum  time  path  for  transit  trips 
between  all  Edmonton  traffic  origin  zones,  and  three  destination  zones 
within  the  central  area  of  the  city.  Only  work  trips  in  the  morning  peak 
hour  were  considered. 

The  trip  paths  thus  determined  were  then  reiterated  using  the 
mode  split  relationships  determined  by  Rhyason,  1967.  Each  transit  link 
was  considered  for  each  0-D  pair,  for  each  level  of  mode  split  which  was 
tested.  The  test  was  run  in  10%  increments  of  mode  split  from  207,  to 
607„,  chosen  to  extend  on  each  side  of  the  observed  average  mode  split. 
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There  was  some  concern  that  the  mode  split  relationships  deter¬ 
mined  by  hand  trip  time  assignment  might  not  be  valid  when  used  in  conjunc¬ 
tion  with  mechanically  determined  trip  paths.,  A  program  to  find  the  mode 
split  relationships  by  Rhyason’s  method  was  developed.,  No  significant 
difference  was  found  between  mode  split  relationships  using  hand  assigned 
trip  paths  and  mechanically  determined  minimum  time  paths,  but  a  differ¬ 
ence  was  noted  between  the  mode  split  relationships  determined  by  hand 
curve  fitting  and  mechanical  regression  analysis  of  the  same  data. 

When  all  programs  were  tested,  using  the  basic  1964  transit 
network,  a  test  of  a  possible  rapid  transit  system  proposed  by  Bakker,  1968, 
was  superimposed  on  the  basic  network  and  tested  by  the  technique  of  this 
thesis.  It  was  found  that  the  average  operating  speed  of  the  link  of  this 
system  was  sufficient  to  be  able  to  attract  higher  than  the  present  per¬ 
centage  of  trips  to  transit.  Since  the  analysis  included  only  work  trips  to 
downtown  destinations,  it  was  impossible  to  compare  the  ridership  assigned 
to  the  facility,  to  that  required  to  support  its  operation.  This  capa¬ 
bility  does  exist  in  the  program  and  could  be  used  if  all  trips  were  con¬ 
sidered. 

The  study  was  successful  in  setting  up  a  basic  network  and  data 
file  for  future  analysis  problems  using  Edmonton  data,  and  has  documented 
the  following  programs  which  may  be  applicable  to  analysis  problems  in  any 
city:  "Tree"  building  and  minimum  path  programs;  "Required  Speed"  program; 

A  "Mode  Split"  analysis  program  including  subroutines  to  plot  mode  split  - 
travel  time  ratio  data,  and  calculate  the  relationship  by  regression  analysis. 
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CHAPTER  I 

INTRODUCTION 

The  relative  trips  by  transit  compared  to  automobile,  called  the 
Mode  Split,  provides  essential  information  concerning  the  overall  transpor¬ 
tation  requirements  of  a  city.  This  information  relies  on  the  premise  that 
urban  travel  is  orderly,  habitual,  and  related  to  a  set  of  causative  factors 
which  can  be  forecast.  Mode  split  models  are  developed  from  measurements  of 
the  components  of  the  existing  transportation  systems,  the  socio-economic 
characteristics  of  the  trip  maker,  and  the  land  use  at  destination.  The 
model  is  tested  and  calibrated  to  represent  known  trip  patterns  and  can 
then  be  used  to  estimate  future  travel  for  various  combinations  of  future 
land  use  and  transportation  system  configuration. 

This  thesis  is  an  investigation  into  the  use  of  an  established 
mode  split  model  for  the  testing  of  transit  alternatives.  It  was  initially 
apparent  that  time  would  limit  the  actual  testing  and  analysis  of  transit 
facilities.  The  policy  followed  throughout  the  investigation  was  to  spend 
the  time  and  effort  necessary  to  develop  the  basic  transit  network,  data 
files,  and  analysis  programs  in  a  manner  which  would  facilitate  their  use 
for  testing  of  alternatives,  even  if  this  testing  were  to  be  the  subject  of 


future  work. 
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STATEMENT  OF  THE  PROBLEM 

In  common  with  most  planning  predictions ,  mode-split  and  other 
transportation  models  predict  that  the  new  will  behave  as  the  old0  Mode 
split  predictions  are  used  mainly  for  policy  decisions  concerning  the  ba¬ 
lance  between  the  provision  of  highway  and  transit  facilities. 

This  investigation  considered  the  further  use  of  mode  split  in 
transportation  analysis;  in  particular  the  use  of  mode-split-travel  time 
relationships  in  assessing  transit  alternatives.  The  problem  is  to  deve¬ 
lop  a  technique  of  predicting  the  operational  characteristics  of  a  possible 
transit  system  that  would  be  required  to  attain  various  levels  of  ridership. 

The  basic  transit  network,  Origin-Destination  data,  and  Mode 
Split  relationships  were  obtained  from  the  City  of  Edmonton,  1964.  Since 
the  transit  networks  tested  included  a  past  bus  transit  system  with  a 
suggested  future  rapid  transit  system  superimposed,  the  analysis  does  not 
intend  to  draw  conclusions  concerning  specific  facets  of  the  Edmonton  Tran¬ 
sit  System  operation.  The  analysis  rather  used  Edmonton  data  in  an  attempt 
to  develop  an  analysis  technique  that  would  be  applicable  in  any  city. 
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This  thesis  is  more  of  an  academic  exercise  than  a  research 
exercise,  in  that  it  has  contributed  considerable  to  the  author's 
education,  but  may  provide  little  contribution  to  the  fund  of 
knowledge  in  this  field.  With  the  exception  of  the  analysis  of 
speeds  required  to  obtain  various  mode  splits,  the  other  components 
of  the  analysis  have  been  used,  in  one  form  or  another,  for  several 
years. 

The  transit  network,  while  it  does  contain  provision  for 
the  insertion  of  new  links  for  testing,  is  coded  to  downtown  desti- 
nations  only.  This  was  done  to  save  time.  If  the  network  were  to  be 
expanded  to  other  directions,  note  that  simply  coding  the  time  or 
speed  in  the  opposite  direction  is  not  accurate,  since  one  direction 
is  with,  and  the  other  against,  the  peak  hour  flo w. 

The  analysis  programs  are  physically  separate  operations, 
to  facilitate  checking  each  step,  and  to  fit  available  computer 
time.  Some  of  the  operations  should  have  been  streamlined  and 
condensed  for  more  efficient  operation. 

Time  did  not  permit  detailed  checking  of  the  assumption 
that  the  minimum  trip  paths  can  be  established  using  the  optimum 
speed  characteristics  of  a  new  facility  such  as  a  rapid  transit  line. 


and  that  the  minimum  path  thus  determined  remains  the  same  at  speeds 
associated  with  various  mode  splits.  This  was  not  anticipated  as 
a  problem  since  it  was  felt  that  by  testing  higher  than  actual  mode 
splits,  one  would  find  speeds  higher  than  optimum  required.  It  was 
thought  that  one  could  thus  estimate  the  practical  mode  split  attain¬ 
able  within  the  desirable  operating  range  of  facilities  being  tested. 
In  test  the  rapid  transit  lines  were  found  to  require  operating 
speeds  less  than  the  optimum. 
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CHAPTER  II 

RE.VIEV7  .OF.  PREVIOUS  WORK 

This  thesis  is  an  extension  of,  and  relies  heavily  upon, 
the  work  of  Rhyason,  1967.  His  work  investigated  changes  in  travel 
pattern  with  time  and  transit  service  changes.  He  used  1961  and 
1964  origin-destination  data  from  the  City  of  Edmonton  Metropolitan 
Edmonton  Transportation  Study  traffic  zones,  1961  auto  travel  times 
from  M.E.T.S. ,  and  1961  and  1964  Transit  times.  He  concluded: 

1.  "The  radical  changes  in  transit  routes  did  not 

affect  the  modal  split  relationships  even  though 
they  did  result  in  an  increased  mode  split  by 
reducing  travel  time.  Thus,  the  effect  of  transit 
changes  can  be  measured  using  the  modal  split 
relationships." 

2.  "Economic  status  and  relative  travel  time  are  the 

chief  factors  affecting  the  choice  of  mode  in 
Edmonton." 

3.  "The  modal  split  relationships  in  Edmonton  are 

dependent  on  the  area  of  employment  within  the 
Central  Business  District." 

4.  "Parking  plays  an  important  role  in  the  mode  split." 


. 
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5.  "House  sale  value,  which  is  easily  obtained  in  Edmonton 

can  be  used  as  a  reliable  measured  economic  status." 

6.  "Relative  travel  time  can  be  measured  with  equal 

reliability  by  both  travel  time  difference  and  travel 
time  ratio  in  Edmonton." 

To  develop  the  196 4  mode  split  -  travel  time  relationships, 
Rhyason  used  1964  trips  and  transit  data.  He  assumed  that  since 
there  had  been  little  change  in  the  road  system  between  1961  and  1964, 
that  1961  auto  travel  data  could  be  used.  Since  this  assumption 
proved  inaccurate,  he  was  forced  to  develop  a  "bridge  penalty"  to  be 
applied  to  auto  trips,  from  south  side  origins  to  north  side  destin¬ 
ations.  Further  investigation  of  this  procedure,  suggested  by  Rhyason, 
has  not  been  done,  and  1961  auto  travel  data,  with  Rhyason 5 s  bridge 
penalty  and  auto  terminal  time  assumptions  were  used  in  this  thesis. 

This  thesis  also  uses  Rhyason  s  mode  split-travel  time 
relationships  stratified  according  to  house  sale  value  as  the 
socio-economic  indicator.  Rhyason1 s  recommendations  to  check  the 
mode  split  thus  established  against  the  mode  split  as  established  by 
other,  more  common  indicators  such  as  car  ownership  or  income  have 


not  been  done. 
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Rhyason's  Mode  Split  analysis  used  Average  House  Sale  value 
as  the  socio-economic  indicator.  In  the  Metropolotan  Edmonton  Trans¬ 
portation  Study,  1961,  the  number  of  cars  per  dwelling  unit  was  used 
for  this  stratification,  although  no  measure  of  standard  error  of 
estimate  is  given0  The  Calgary  Transportation  Study,  1967,  (CALTS) ,  used 
two  socio-economic  parameters:  Mean  family  income  and  dwelling  units 
per  net  residential  acre.  The  Calgary  Mode  Split  Model  (CALTS  Tech¬ 
nical  Report  4,  1968)  had  a  standard  error  of  estimate  of  227.  for 
transit  work  trips,  and  was  able  to  predict  actual  work  trips  to  the 
C.B.D.  within  1.51  percent,  Rhyason's  Mode  Split  model  had  a  standard 
error  of  estimate  of  10  percent  for  A0M.  peak  hour  transit  trips  to 
the  Central  Study  Area  (C.S.A.)  and  predicted  actual  trips  within  2.17 
percent.  Table  A. 4  summarizes  the  actual  and  predicted  trips  to  the 
C.S.A.  in  the  A.M.  peak  hour,  Edmonton,  1964.  Considering  the  rela¬ 
tive  ease  with  which  House  Value  Data  can  be  collected  as  compared  to 
the  more  sophisticated  Calgary  model,  the  prediction  accuracy  of  Rhyason's 
model  seems  more  than  satisfactory. 

Most  mode  split  models  use  Average  Family  Income  as  the 
socio-economic  indicator.  The  correlation  of  Average  House  Value  to 
this  more  common  parameter  was  checked.  Figure  2.1  shows  the  relation¬ 
ship  between  Average  Family  Income  and  Average  House  Value  for  Edmonton 
Census  districts.  Average  Family  Income  data  was  obtained  from  a  publica¬ 
tion  by  Dr.  G.  Kupfer,  1967,  and  used  with  Rhyason's  1961  house  value  data. 
The  coefficient  of  correlation  is  0.848,  commensurate  with  the  accuracy  of 


prediction. 
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MIAJMILABm 

This  study  uses  Metropolitan  Edmonton  Transportation  Study 
(M.E.T.S.)  and  other  data  previously  collected  by  Rhyason.  FIGURE  2.2 
shows  the  original  M.E.T.S.  Traffic  zones  in  the  City  of  Edmonton. 

Rhyason  found  the  Average  House  Value  for  each  traffic  zone  from  the 

weighted  average  of  1961  and  1964  sales  records,  maintained  by  the 

City  of  Edmonton  Land  Department.  These  data  are  summarized  in  TABLE  A.l. 

Rhyason' s  assignment  of  transit  and  auto  trips  resulted  in 
total  trip  times  which  are  summarized  in  APPENDIX  A,  TABLES  A. 2.1, 

A. 2. 2,  A. 2. 3.  A  trip  is  composed  of  several  definable  time  increments, 
generally  subdivided  into  travel  time  and  excess  time.  For  a  transit 
trip,  the  excess  time  is  composed  of  time  walking  to  the  transit  stop, 
time  waiting  for  a  bus,  possibly  includes  time  waiting  for  a  transfer 
as  part  of  the  trip,  and  finally  the  waik  from  the  transit  stop  to 
the  destination.  For  an  automobile  trip  the  excess  time  includes 
time  to  park  the  vehicle  and  walk  to  the  destination.  Rhyason  s  trip 
path  assignment  was  not  handled  mechanically.  This  allowed  him  to  use 
trip  patterns  determined  from  observations  of  Edmonton  Transit  System 
inspectors,  if  they  varied  from  the  strictly  minimum  time  path.  Note 
that  the  excess  travel  time  for  automobile  trips  was  assumed  at  a  uni¬ 
form  four  (4)  minutes  for  all  origin-destination  combinations. 

TABLE  A. 3  summarizes  the  observed  number  of  work  trips 
between  each  origin  and  the  destination  considered.  This  information 
was  found  by  the  Origin-Destination  survey  conducted  by  The  City  of 


Edmonton  in  1964 
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FIGURE  2.2  METROPOLITAN  EDMONTON  TRANSPORTATION  STUDY  TRAFFIC  ZONES 
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CHAPTER  III 


THEORY 


1 o  Minimum  Path  Trip  Assignment 

For  transportation  planning  purposes,  it  is  necessary 
to  know  the  expected  path  of  trips  between  any  two  points  on 
the  system..  It  is  generally  accepted  that  the  best  approximation 
of  this  path  is  the  minimum  time  path,  or  some  variation  using 
distance  and  cost  in  addition  to  time.  The  Moore  Algorithem  is 
widely  used  for  this  purpose.,  (U.  S.  Department  of  Commerce, 
1964) 


The  Moore  Algorithem  "builds"  a  minimum  path  "Tree" 
from  each  origin  node  to  each  other  node  in  the  network.  FIG¬ 
URE  3.1  shows  a  very  simple  transportation  network.  The  follow¬ 
ing  description  of  finding  the  minimum  path  from  origin  to  des¬ 
tination  is  progressively  illustrated  graphically  by  FIGURES  3.2, 
3.3,  3.4,  3.5,  and  serve  to  illustrate  the  principle  of  the 


Moore  Algorithem. 
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FIGURE  3,1 

SIMPLE  TRANSPORTATION  NETWORK 


7  o  Node 
(2)  Link  Time 

(All  links  are  two  way) 


Note:  The  above  convention  is  used  throughout  the  example 
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Beginning  at  1,  record  time  on  all  links  beginning 
at  Centroid  1« 


Link 


Time 


Cumulative 

Time 


1-6 

1-3 

1-4 

1-5 


3 

4 
3 
2 


3 

2 


© 


1  A 

<2> 


£LQi£E_ajL 


3 

-o 


H _ o  5 


-o 


2. 


From  each  of  the  nodes  now  reached,  record  time  on 
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all  links  that  can  be  reached. 


Cum, 


Cum, 


Cum, 


Link 

Time 

Time 

6-1 

Reverse 

6-3 

3 

6  A 

. . Time  . 

Cum, 

T  ime 

4-1 

Reverse 

4-5 

Reverse 

4-3 

5 

8X 

4-8 

2 

5 

4-2 

4 

7 

Origin 


Node 


Min.  Cumulative  Travel  Time 


1 

1 

1 

1 


3 

5 

4 

6 


4 

2 

3 

3 


From  those  nodes  left,  record  time  on  links  that  can  be 

reached. 


Cum. 


,  Link 

.Jime 

Time. 

2-3 

Reverse 

2-7 

2 

9 

2-8 

1 

8 

2-4 

Reverse 

Link  . 

Time 

Cum. 

Time 

8-2 

1 

6 

8-4 

Reverse 

Cum, 
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FIGURE  3.3 


4 

X 


The  Algorithem  has  now  "built”  jfce  nodes  2,7,8,  and  tjirouah 
nodes  3,6,5,  or  4.  Consider  those  nodes  which  have  been  built  thro.ugh. 
Retain  the  minimum:  it  is  shorter  to  reach  node  3  direct  from  1  than 
via  6  or  4.  It  is  shorter  to  reach  node  4  direct  from  1  than  via  5. 
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FTGIJRE  3,4 
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Considering  those  nodes  v/hich  have  been  built  through 
retain  the  minimum. 

.Origin  Node  Min,  Cumulative  Travel  Time 

13  4 

16  3 

15  2 

14  3 

1  8  5 

17  6 

12  6 

4.  The  minimum  path  from  centroid  1  to  destination  centroid 

2  is  via  links  1—4 5  4—8 5  8-2;  with  minimum  time  3+2+1  -  6. 
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APPROACH  TO  THE  PROBLEM 

The  author ls  approach  to  planning  can  be  summarized  in  three 
points: 

1,  Many  problems  have  no  unique  solution,  only  an  optimization  of 
the  parameters  affecting  the  problem, 

2,  The  confidence  which  can  be  placed  in  an  optimum  solution  is 
proportional  to  the  number  of  alternatives  considered, 

3,  Reject  any  solution  which  cannot  be  changed  if  the  parameters 
change,  were  wrongly  interpreted,  or  if  some  important  aspects 
were  not  considered  at  the  time  of  analysis. 

The  field  of  transportation  planning  is  less  science  than 
skilled  intuition.  The  sheer  magnitude  of  work  involved  in 
testing  a  transportation  network  often  limits  the  number  of 
alternatives  that  can  be  tested  in  a  practical  situation. 
Increasing  the  number  of  alternatives  that  can  be  reasonably 
tested  increases  the  planner's  confidence  that  the  optimum  sol¬ 
ution  has  been  in  fact  considered,  and  decided  upon, 

Rhyason's  work  investigated  the  parameters  of  transportation 
which  make  up  the  Mode  Split.  This  thesis  concentrated  on  the 
use  of  these  relationships  to  consider  the  operating  character- 
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istics,  speed,  and  as  many  alternatives  as  possible.  The  network 
used  in  the  analysis  was  constructed  to  be  easily  altered  and  expanded 
for  future  testing  of  alternate  systems,  and  the  use  of  high  speed 
data  processing  techniques  with  which  the  test  then  was  explored. 

The  reader  can  exercise  the  third  aspect  of  the  previously  stated 
planning  approach  by  rejecting  the  suggested  solution  should  it 
appear  that  significant  parameters  were  erroneously  considered  or 
perhaps  neglected. 

In  this  investigation,  the  facilities  of  the  University  of 
Alberta  Computing  Centre  were  used.  The  various  programs,  both 
adapted  from  the  work  of  others,  and  written  especially  for  this 
project,  can  be  considered  as  the  "tools”  with  which  the  work  was 
done.  Details  of  the  significant  programs  used  are  contained  in  the 
Appendix.  Several  other  programs  were  used  which  assisted  in  testing 
the  network,  the  data,  and  correcting  data  from  one  form  to  another. 

The  "backbone"  of  the  exercise  is  the  tree  building  program 
using  the  Moore  Algorithem,  and  the  program  which  identifies  the 
minimum  time  path  between  any  origin  and  destination.  The  programs 
used  are  slight  modifications  of  programs  developed  by  Dr.  J.  N. 
Supersad,  Post  Doctoral  Fellow  of  the  Department  of  Civil  Engineering, 
University  of  Alberta,  1968.  These  programs  were  developed  almost 
concurrently  with  the  thesis  work,  and  were  extensively  tested  on  the 
transit  network  of  this  problem.  There  are,  of  course,  several  other 
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"path-finding"  programs  in  existence,  but  most  were  developed  for 
automobile  networks  and  commercial  applications  where  computer  time 
is  limited  only  by  cost.  The  particular  programs  used  are  uniquely 
"general".  That  is  to  say  they  are  applicable  to  a  wide  range  of 
transportation  problems.  They  are  also  particularly  suited  to  a 
research  application  in  that  the  programs  need  not  be  run  fully  or 
concurrently,  but  may  be  interrupted  and  re-started,  to  suit  the 
time  available  on  such  a  hard-pressed  facility  as  a  university 
computer. 


The  technique  investigated  used  the  traffic  zones, 
origin-destination  data,  transit  network,  and  observed  mode  split, 
relationships  of  the  1964  Edmonton  situation.  Some  of  this  data  had 
to  be  extensively  modified  for  computer  application,  and  the  over¬ 
riding  consideration  that  the  model  developed  be  capable  of  easy  and 
rapid  adaptation  to  allow  future  testing  of  other  alternatives. 
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CHAPTER  IV 


mrmm 

Traffic  Zones,  and  .Zone  Centroids 

The  traffic  zones  and  traffic  districts  (FIGURE  2.2)  ware 
established  by  the  Metropolitan  Edmonton  Transportation  Study,  These 
zones  endeavour  to  represent  a  degree  of  homogenity  of  land  use  within 
the  zone  and  stratifications  of  that  land  use  are  represented  by 
districts  within  the  zone.  The  original  zone  and  district  boundaries 
Vi/ere  established  in  1961  and  are  generally  very  representative.  How¬ 
ever,  many  of  the  peripheral  zones,  which  were  undeveloped  and  even 
undesigned  in  1961  have  either  been  developed,  or  more  accurately 
defined  by  the  City  of  Edmonton  General  Plan  (1968).  Future  analysis 
using  these  zones  may  require  adjusting  boundaries  in  the  light  of 
this  new  information  and  to  be  as  coincident  as  possible  with  census 
tracts. 

• 

The  centroid  of  a  zone  is  assumed  to  be  the  point  from  which 
all  trips  originate  or  to  which  all  trips  are  destined.  They  should 
thus  define  the  "centre  of  activity"  of  the  zone  (U.S.  Department  of 
Commerce,  1964).  The  residential  origin  zone  centroids  used  were 
originally  established  by  the  M.E.T.S,  study.  The  combined  destination 
zone  centroids  were  established  by  Rhyason,  1967  (Page  58), 
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To  avoid  the  possible  errors  of  assigning  a  zone  number  to 
a  network  node,  and  since  the  number  of  computer  iterations  are 
governed  by  the  size  of  the  largest  node  (or  centroid)  number,  the 
M.E.T.S.  traffic  zones  are  represented  by  their  centroid  number. 
Beginning  at  1  for  combined  destination  zone  OOiU  and  0020,  2  for 
combined  destination  zone  0030  and  0040,  and  continuing  consecutively 
to  centroid  141,  representing  traffic  zone  3150,  TABLE  A.l  and 
FIGURE  4»1  contain  the  zone-centroid  equivalence  and  may  be  used 
to  correlate  with  Rhyason’s  work.  Note  that  all  M.E.T.S.  zones 
v/ere  assigned  a  centroid  number,  even  if  no  trips  or  data  exist 
for  1964.  This  allows  their  logical  inclusion  in  any  subsequent  work. 
Note  also  that  a  gap  was  left  between  the  last  centroid  number 
assigned  (141)  and  the  first  link  number  used  (200)  to  allow 
changing  and  expanding  the  zones  to  suit  newly  developed  areas. 


1940 

93 

1930 

92 

1440 

73/  1550 
/  78 

/  1170 

fi?  /  60 

1160 

/  1150 

f  38 

59 

1140  57 

1120 

55 

1110  1 

54 

1010 

1020 

50 

51 

KEY: 

M.E.T.S.  ZONE  =  2940 
CENTROID  =  138 


FIGURE  4.1  ZONE-CENTROID  EQUIVALENCE. 
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The  Transit  Network 

The  1964  transit  running  times  used  by  Rhyason  were  deter¬ 
mined  by  using  schedule  time  in  the  morning  peak  hour,  and  verified 
by  some  riding  checks  (Rhyason,  1967,  page  63).  Since  the  schedule 
times  are  for  widely  separated  points,  and  since  Rhyason' s  analysis 
considered  the  total  trip  times  rather  than  individual  link  times,  an 
anomaly  exists  which  prevents  an  exact  comparison  of  the  hand  and 
mechanized  path  assignment.  This  anomaly  is  perhaps  best  described 
with  the  aid  of  FIGURE  4.2. 


FIGURE  4.3 

HAND  ASSIGNMENT  ANOMALY 


Origin  10 


Node  200 


r 


Route  A 


Route  B 
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Destination  1 


Origin 

20 
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FIGURE  4. 2  shows  that  trips  between  origin  10  and  distination 
1  on  Route  B  and  origin  20  and  destination  1  on  Route  A  are  coincident 
between  node  200  and  destination  1.  By  using  schedule  times  it  is  not 
impossible  to  discover  a  slight  difference  in  time  between  Route  A  and 
B  over  this  link.  This  is  often  due  to  "permissive"  or  "restrictive" 
scheduling  which  encourages  drivers  to  gain  time  if  possible  on  primarily 
downtown  destined  routes ,  or  encourage  strict  adherence  to  scheduling 
on  routes  which  distribute  widely  and  accept  and  make  several  transfers. 

For  adaptation  to  mechanized  assignment ,  these  variations 
must  be  rationalized,  if  possible,  to  allow  one  link  time  (from  node 
200  to  destination  1)  to  represent  the  average  running  time  of  all 
routes  using  the  link.  This  was  done  with  the  exception  of  express 
buses  which  were  coded  as  separate  links. 

The  transit  network  required  times  between  all  route  inter¬ 
sections,  centroid  entries  and  additional  "dummy"  nodes  to  allow  for 
future  changes  to  be  tested.  Schedule  timing  points  are  quite  far 
apart  and  could  lead  to  considerable  error  if,  for  example,  time 
were  proportioned  to  the  links  according  to  relative  length.  In 
actual  practice  the  link  times  would  be  obtained  from  riding  time 
checks  on  each  link  of  the  system.  This  procedure  is  beyond  both  the 
necessity  and  resources  of  this  study.  The  Edmonton  Transit  System 
does  have  checks  of  actual  travel  times,  made  by  Inspectors 
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following  in  cars.  These  are  routine  measurements  made  to  indicate 
possible  improvements  and  necessary  changes  in  scheduling.  These 
1964  back  files  we re  searched  and  used  where  possible  to  indicate  the 
times  on  the  transit  model.  These  timing  points  were  longer  than  some 
individual  model  links,  but  were  shorter  than  the  published  schedule 
timing  points.  Intermediate  times  on  model  links  between  timing 
points  were  proportioned  according  to  length. 

The  length  of  the  links  in  the  transit  network  should,  in  a 
practical  application,  be  determined  by  actual  "on  the  ground"  measure¬ 
ment  by  odometer  or  similar  device.  It  has  been  found  satisfactory  to 
determine  link  length  by  using  the  average  of  three  automobile  runs, 
measuring  the  distance  to  the  nearest  one  hundredth  of  a  mile  with 
the  vehicle  s  odometer,  (M.E.T.S.  1961).  For  this  developmental  study 
the  link  lengths  were  determined  by  scaling  from  a  1"  -  1000  '  map 
and  recorded  to  one  one-hundredth  of  a  mile.  TABLE  B.l  summarizes  a 
field  check  of  the  accuracy  of  scaled  measurement  as  compared  to 
ground  measurements.  The  standard  deviation  of  scaled  measurement 
as  corrpared  to  ground  measurement  was  1,3%, 

The  original  intention  was  to  have  the  entire  transit  "trip" 
coded  into  the  network.  That  is,  to  have  the  wa Iking  time  from  the 
origin  to  the  bus  route  coded  onto  a  dummy  link  of  zero  distance;  and 
to  have  the  waiting  time  at  the  bus  route  also  coded  on  a  zero  length 
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dummy  link.  Since  the  "tree”  program  iterates  according  to  the  number 
as  well  as  size  of  nodes  and  links,  it  was  thought  necessary  to  have 
the  centroid  replace  a  node  directly  at  the  point  of  entry  onto  the 
system,  with  the  walking  and  waiting  time  brought  into  the  analysis  as 
constants  in  a  later  program.  This  did  help  reduce  the  computer  time, 
but  as  the  program  was  improved,  time  was  not  a  problem.  Toward  the 
end  of  the  analysis,  as  various  transit  alternatives  were  tried,  it 
was  found  that  the  original  idea  of  having  dummy  links  to  represent 
the  components  of  excess  time  would  have  been  desirable.  Time  did 
not  permit  re-coding  the  network,  but  the  procedure  of  coding  excess 
time  as  dummy  links  is  recommended  for  any  future  work  where  testing 
alternatives  is  involved.  (FIGURE  4.3). 

Actually,  there  was  an  attempted  run  prior  to  the  reported 
run  1,  which  contained  the  '’dummy"  walks  and  waits  as  previously 
described.  This  could  be  called  run  0.  It  was  attempted,  using  a 
minimum  path  program  obtained  from  the  Alberta  Department  of  High¬ 
ways,  but  the  unmodified  "tree  building"  program  could  not  cope  with 
the  problem  in  the  available  computer  time,  so  this  approach  was 
dropped  and  origin  centroids  inserted  directly  into  the  transit 
network.  The  program  w as  subsequently  modified  to  build  trees  only 
from  desired  origins  to  desired  destinations,  and  not  all  other 
nodes.  Another  modification  to  the  conventional  tree  building 
program  was  to  have  the  various  iterative  steps  monitored  by 


29 


Network  Node 


i 


Centroid 

\ 

dummy  ^  walk 

\  dummy  it 

distance  -  0  \ 

@  distancer 


Dummy  Node 


0 


f 


C 

•H 

>-A 

O 

-P 

<D 


O) 

C 

03 

P 

H 


FIGURE  4.3  -  DUMMY  EXCESS  TIME  LINKS  CODED  INTO  NETWORK 
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internal  counters*  Conventional  Moore  Algorithm  programs  iterate 
up  to  the  highest  of  the  various  input  number  series  used  for  node 
numbers,  link  numbers,  centroids,  etc.  The  modification  saved 
computer  time  by  counting  actually  used  values  in  the  various 
number  series,  and  skipping  the  iterations  where  gaps  in  the  number 
series  existed. 

Available  tree  building  programs  required  the  most  vigilant 
attention  to  coding:  Continuous  number  series  for  links,  nodes, 
centroids,  etc.  with  rigorous  accounting  for  all  gaps.  For  example, 
in  previous  programs  the  network  would  have  to  be  coded  with  centroids 
beginning  at  1  and  numbering  consecutively  to  the  end  of  the  centroids, 
say  to  the  mid  lOO’s.  If  a  gap  were  left  and  the  nodes  were  begun 
at  200  series  to  500  series,  700 !s  used  for  dummy  walks,  and  800* s 
used  for  dummy  waits,  the  computer  would  iterate  800  odd  times  for 
a  network  of  500.  With  the  new  tree  program,  the  only  restriction 
is  that  the  network  be  complete,  with  no  dead  ends,  and  that  desired 
origins  and  destinations  be  listed. 

These  modifications  were  made  largely  by  Dr.  J.  N.  Supersad, 
although  the  author  can  take  credit  for  developing  a  pesky  enough 
network  with  which  to  identify  problems  and  test  the  modifications. 

The  network  data  was  coded  according  to  the  format  illustrated 
in  TABUS  IV. 2.  A  simple  check  was  performed  by  means  of  a  manipulative 


TABLE  IV.  2 


CARD  FORMAT  FOR  NETWORK  DATA 


Column 

3,4,5 

8,9,10 

16,17,18,19,20 

26,27,28,29,30 

33,34,35 


Identification 

Origin  Node 
Destination  Node 

Link  Time  to  one  tenth  of  a  minute 
Link  Length  to  one  hundredth  of  a  mile 


Link  number 
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program  used  to  calculate  the  speed  on  each  link  and  identify  extremely 
low  and  high  speeds.  These  links  were  re-examined  and  either  the 
length  adjusted  or  the  time  redistributed  until  no  glaring  errors  were 
apparent.  An  example  of  this  network  data  is  summarized  in  TABLE  B.2. 
The  1964  Edmonton  Transit  network  to  the  C.S.A.  is  shown  in  FIGURE  F.lo 

The  network,  must  of  course,  contain  the  transfer  times  as 
part  of  the  system.  Test  network  1  does  not,  however,  contain  all 
the  transfer  possibilities.  A  partial  trial  including  actual  1964 
transfer  points  was  begun,  but  was  discontinued  when  visual  inspection 
indicated  some  trip  paths  not  borne  out  by  the  experience  of  the 
transit  system  officials.  Typically  these  involved  ’'hack"  trips  and 
multiple  transfers  to  use  express  buses  which  do  not  actually  occur. 
This  seemingly  arbitrary  inclusion  of  some  transfers  and  exclusion 
of  others  represents  an  attempt  to  reflect  the  attitudes  and  habits 
of  transit  patrons  who  are  observed  by  Transit  Inspectors  to  transfer 
to  reach  a  point  not  accessible  by  the  original  route,  but  rarely 
give  up  a  seat  on  a  warm  bus  to  transfer  to  another  bus  going  to  the 
same  place.  To  facilitate  coding  and  subsequent  identification,  all 
transfers  are  coded  as  dummy  links  of  length  0,  with  the  origin  node 
in  the  600  series. 

The  walking  time  at  the  end  of  the  transit  trip  to  the 
destination  proved  to  be  another  problem.  In  Rhyasons  "hand" 
analysis  he  was  able  to  use  the  destination  walking  time  as  determined 
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by  M.E.T.S.  These  were  determined  by  questionnaire,  and  result 
in  the  statistically  correct  but  mechanically  impossible  situation 
where  the  destination  walking  time  between  a  bus  stop  and  a  destination 
can  be  different  for  trips  from  each  origin.  In  this  ’’mechanical" 
analysis,  destination  walking  times  were  averaged  for  each  significant 
terminal  system  point,  and  the  destination  walking  time  is  included 
in  the  system  as  a  "dummy"  link  of  zero  length,  TABLE  IV, 3  shows 
the  destination  walking  times  for  the  downtown  destinations 


considered 
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TABLE  IV. 3 

DESTINATION  WALKING  TIMES 


Destination  Time 


Centroid 

Zone 

From 

Jo  (Mi 

nutes) 

1 

0010 

a 

0020 

Jasper  &  100  St* 

Jasper  &  100  St. 

3.0 

1 

0010 

& 

0020 

100  St.  &  102  Ave. 

Jasper  &  100  St. 

4.0 

2 

0030 

& 

0040 

Jasper  &  107  Ave. 

North  of  Jasper 

3.0 

2 

0030 

& 

0040 

102  Ave.  &  107  St. 

North  of  Jasper 

4.0 

2 

0030 

& 

0040 

102  Ave.  &  105  St. 

North  of  Jasper 

6.0 

3 

0060 

109  St.  &  87  Ave. 

Gov't.  Centre 

3.0 

35 


The  1964  Edmonton  Transit  network  was  run  through  the  "tree 
building"  program,  number  1.  A  listing  of  this  program  is  included  in 
TABLE  C.l  and  is  described  in  detail  by  Supersad,  1968.  This  program 
requires  the  following  input. 


1.  Control  Card 


iaslum 

Card  Format  -  Control  Card  for  Tree  Buildino  Procram 


Column 

2,3,4 

6,7,8 


10,11,12 


Identification 

Variable  Name  Variable  Definition 


14,15,16 


18,19,20 


22,23,24 


LNK 


NOR 


NOD 


LFT 


LFD 


NOC 


26,27,28 


NPR 


Number  of  Links  in  network. 

Number  of  Origin  Centroids  from 
which  trees  are  to  be  built. 

Maximum  number  of  nodes.  This  is 
not  essential  but  makes  one  check 
dimensions. 

Constant  to  set  value  of  time  factor. 
In  this  case  minimum  time  path  is 
used  so  set  LFT  =  600 
Constant  to  set  value  of  distance 
factor.  In  this  case  minimum  time 
path  is  used  so  set  LFD  =  0 
Control  of  interrupt.  NOC  ~  0  for 
initiation.  NOC  =  1  if  program  has 
been  interrupted. 

Control  of  interrupt.  NPR  =  2  if 


program  is  not  to  be  interrupted. 


, 
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Column  Variable  Name  Variable  Definition 


30,31,32 


NTA 


Tape  output  control.  NTA  -  2 


tree  data  is  to  be  put  on  tape 


34,35,36 


NHN 


Highest  node  number 


38,39,40 


LHN 


Highest  Link  number 


42,43,44 


KZA 


Node  counter.  KZA  =  0  for  initiation 


KZA  —  KZA  of  interrupted  program  when 


required  to  re-start 


2. 

3. 


Network  Data.  (See  TABLE  IV. 2) 

Destination  Control. 

Card  1.  -  Controls  number  of  destinations  to  which  trees  will  be 
built. 

Qolumn  Variable  Name  Definition 

2,3,4  NCD  Number  of  destinations  to  be 

considered. 

Card  2.  -  Lists  destinations  to  be  considered  in  14  format  up  to 
NCD  destinations. 

Lists  of  Origins  -  Controlled  by  NCR,  one  origin  centroid  per 
card  in  15  format,  variable  is  named  NNT.  If  it  is  desired  to 
interrupt  the  program  before  building  all  the  trees,  for  example 
to  stay  within  time  limitations,  put  NNT  -  9998  in  15  position, 
to  stop  the  program  set  NNT  -  9999. 

FIGURE  4.4  shows  the  deck  composition  of  the  Tree  Building  Program 


2. 

3. 


No.  1. 


//* 

STOP  CONTROL 
9999 
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FIGURE  4.4  DECK  COMPOSITION  -  TREE  BUILDING  PROGRAM  NO.  I 
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A  sample  output  of  the  tree  building  program  1  is  included  in 
TABLE  IV. 5.  FIGURE  4.5  shows  the  tree  for  origin  141. 

The  1964  Edmonton  Transit  network  was  then  run  through  the 
"Minimum  Path"  program,  No.  2.  A  listing  is  included  in  TABLE  C.2  and 
is  described  in  detail  by  Supersad,  1968. 


The  following  is  a  list  of  required  input  for  the  minimum  path 

program: 

1.  Control  Card 


IAB 

Card  Format  -  Control  Card  for  Procram  2 

Identification 


Cfllurn 

Variable  Definition 

2,3,4 

LNK 

Number  of  Links  in  network. 

6,7,8 

NOD 

Number  of  nodes.  This  is  the 

10,11,12 

NPR 

KZA  value  from  program  1. 

Print  control.  NPR  =  2,  Path 

14,15,16 

NPU 

data  will  be  printed. 

Punch  control.  NPU  -  2,  Path 

18,19,20 

NOC 

data  will  be  punched.  (This  is 

used  for  input  to  program  5) 

Counter.  NOC  -  0  for  initial  run 

NOC  -  number  of  trips  done 

previously  if  program  re-started. 
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Column 

Variable  Name 

Variable  Definition 

28,29,30 

NOB 

Counter 

38,39,40 

NDD 

Total 

distance  counter 

NND  - 

0  for  initial  run. 

48,49,50 

NTT 

Total 

time  counter 

NNT  - 

0  for  initial  run. 

58,59,60 

NTC 

Total 

cost  counter 

NTC  - 

0  for  initial  run. 

62,63,64 

LHN 

Highest  Link  number 

66,67,68 

NHN 

Highest  Node  number 

70 

NPW 

Punch 

control. 

NPU 

2,  punch  loaded  network 

72 

NPZ 

Print 

control.  NPZ  -•  2, 

print 

loaded  network. 

2.  Network  data  -  Same  as  used  in  first  program.  See  TABLE  IV. 2 

3.  Tree  data  -  n  tape.  Produced  by  program  1. 


4.  Transit  Trip  data 
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FIGURE  4.5 

1964  EDMONTON  TRANSIT  SYSTEM 
SHOWING  TREES  TO  DOWNTOWN  FROM 
ORIGIN  141. 
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Card  Format 

-  Transit  Trip 

Data  for  Procrarn  2 

Identification 

Column 

Variable  Name 

Variable  Definition 

1,2, 3, 4 

NTO 

Origin  Centroid 

5, 6, 7, 8 

NTD 

Destination  Centroid 

11,12,13,14  NTM 

Number  of  Transit  Trips  from 

NTO  to  NTM 


Note:  Transit  trips  between  each  origin  and  destination  in 
the  above  format  we re  prepared  by  a  small  "manipulative" 
program  from  O.D.  data  and  observed  mode  split.  Each  data 
card  is  followed  by  an  interrupt  control  card.  If  N.T.O.  - 
9997,  program  will  continue.  If  NTO  -  9996,  program  will 
interrupt  at  that  point.  If  NTO  -  9999,  program  will  stop. 
This  is  a  rather  clumsy  section  of  the  Minimum  Path  Program 
and  would  require  modification  for  most  other  applications. 

FIGURE  4.6  shows  the  deck  composition  of  the  Minimum  Path 
Program  No.  2.  A  sample  of  the  output  of  the  minimum  path  program  No.  2 
is  included  in  TABLE  IV. 8,  FIGURE  4.7  shows  the  minimum  time  path  from 
origin  141. 


STOP  CONTROL 
9999 
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FIGURE  4.S  DECK  COMPOSITION  -  MINIMUM  PATH  PROGRAM  MO.  2 


SAMPLE  ■OUTPUT  OF  MINIMUM  PATH. PROGRAM. 
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University  of  Alhrno 
Department  of  Computing  Science 
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FIGURE  4.7 
RUN  3 

1964  EDMONTON  TRANSIT  SYSTEM 
WITH  LOOP  RAPID  TRANSIT  SUPERIMPOSED 
SHOWING  MINIMUM  PATH  TO  DOWNTOWN  FROM 
nmniN  141 


■•MS 


The  transit  trip  time  recorded  in  the  output  includes  transit 
running  time,  transfer  time,  and  walking  time  at  the  destination.  It 
does  not  include  walking  time  at  the  origin,  or  waiting  time.  TABLE  IV. 9 
summarizes  the  mechanically  established  minimum  transit  trip  time  as 
compared  to  Rhyason*s  more  rationalized  assignment  ,  for  a  sample  of 
the  origins.  These  differences  led  to  a  digression  into  the  effect 
this  difference  would  have  on  the  Mode  Split  analysis. 


- 
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^Example  of  Difference  in  Transit  Trip  Time  by  Hand  and  Mechanical  Assignment 

Total  Tirr.e  to  Destination  1 

Centroid  Hand  Assionnent  Mechanical  Assionment. 


6 

14.8 

17.1 

7 

16.4 

15.8 

9 

15.4 

15.3 

10 

18.1 

18.7 

11 

15.6 

16.4 

12 

29.1 

19.9 

13 

23.2 

23.1 

14 

23.8 

23.7 

15 

24.7 

21.2 

16 

25.7 

25.2 

17 

13.6 

15.0 

18 

14.9 

16.1 

19 

16.9 

17.7 

20 

20.8 

19.5 

21 

22.7 

21.8 

23 

23.8 

25.1 

24 

29.3 

29.6 

25 

21.9 

21.0 

26 

26.6 

28.3 

28 

30.3 

31.3 

29 

36.0 

37.6 

30 

31.9 

26.9 
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In  order  to  test  the  effect  of  mechanical  assignment  on  the 
Mode  Split  analysis,  as  well  as  the  effect  of  the  anomalies  of  network 
assignment  discussed  previously,  a  computer  program  was  developed  which 
essentially  develops  the  mode  split  curves  by  Rhyason's  method,,  This 
program  is  described  and  listed  in  APPENDIX  D.  From  this  work  it  is 
concluded  that  there  is  a  difference  in  the  mode  split  relationships  if 
the  network  is  analyzed  mechanically.  The  analysis  did  suggest  that 
Rhyason's  sample  size  was  a  little  too  small  to  justify  the  extrapolated 
curved  portions  of  the  mode  split  graphs. 

FIGURES  40 8  to  4.12  compare  Rhyason's  hand  fitted  Mode  Split 
curves  (solid  line)  the  best  fit  line  by  regression  analysis.  One  line 
(long  dash)  uses  Rhyason's  data  and  is  indicative  of  the  difference 
between  hand  and  mechanical  curve  fitting.  In  some  cases  there  was 
good  agreement,  and  in  some  places  the  curves  are  not  similar,,  This 
was  not  intended  to  be  a  critique  of  Rhyason's  curves,  although  the 
conjecture  about  the  curved  portions  of  his  graphs  seemed  to  be  borne 
out  by  subsequent  developments  described  in  Chapter  IV,  Item  7,  as 
Identification  and  Removal  of  outliers.  The  third  line  on  the  graphs 
(long  and  short  dashed)  is  the  regression  line  representing  the  tran¬ 
sit  trip  data  developed  by  the  mechanical  path  finding  procedure,  the 
coding  anomaly,  and  the  destination  simplification  described  previously. 
While  these  do  vary,  compared  to  Rhyason's  curves,  there  is  a  distinct 


relationship  to  the  line  using  Rhyason's  data  with  the  same  analysis. 
This  was  sufficient  to  allay  the  Author's  fear  that  hand  fitted  mode 
split  curves  are  incompatible  with  mechanical  network  analysis. 

The  next  step  was  to  detemine  the  speed  each  link  of  the 
network  would  have  to  run  in  order  to  provide  various  uniform  levels 
of  transit  service,  as  measured  by  mode  split.  Program  number  5, 
"Required  Speed"  was  developed  to  do  this.  The  program  is  described 
in  some  detail  so  that  any  future  work  in  this  line  can  avoid  the 


same  mistakes 


V 


Hand  Fitted  Curve 


FIGURE  4.8  1964  MODAL  SPLIT  RELATIONSHIPS  TO  CENTROID  I 

HOUSE  VALUE  LESS  THAN  ^1 1,000 


Hand  Fitted  Curve 
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Hand  Fitted  Curve 


FIGURE  4.10  1964  MODAL  SPLIT  RELATIONSHIPS  TO  CENTROID  I 

HOUSE  VALUE  ^14,000  TO  ^7,000 


HSNVai  A8  lN30H3d 


o 

h- 

< 

cc 

LlI 


LU 

> 

< 

QC 


5 


x 


FIGURE  4.11  1964  MODAL  SPLIT  RELATIONSHIPS  TO  CENTROID  I 

HOUSE  VALUE  ^17,000  TO ^22, 000 
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FIGURE  4.12  1964  MODAL  SPLIT  RELATIONSHIPS  TO  CENTROID  I 

HOUSE  VALUE  GREATER  THAN  ^25,00 0 
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The  program  requires  an  established  mode  split  relationship 
and  automobile  travel  time  data  in  order  to  establish  the  total  transit 
time  required  to  attract  a  desired  percentage  of  transit  riders.  In 
this  test,  Rhyason"s  Travel  Time  Ratio  curves  were  used,  although 
Travel  Time  Difference,  or  the  mechanically  determined  straight  line 
diversion  curves  of  APPENDIX  C  could  have  been  used. 

Ideally,  one  would  wish  to  consider  a  single  transit  route 
from  each  origin  to  each  destination.  The  speed  at  which  such  a 
route  would  have  to  operate  to  attract  of  transit  riders  would  be: 

S,,  =•  LT  TTR  where  S,.  •=  Speed  required  to 

M.  .  .  .  .  .  M 


attract  riders  to 


transit  from  origin  i 


to  destination  j 


length  of  transit  trip 


TTR.  .  -  Travel  time  ratio 

ij 

=  Transit  travel  time  divided 


by  auto  travel  time. 


Auto  travel  time. 
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This  idealized  situation  is  not  the  case  in  a  real  transit 
network,  where  one  route  serves  several  origins  and  destinations. 
Consider  a  single  route  of  2  links  serving  2  origins  and  1  destination, 

i  i  3 

Origin  1  Origin  2  Destination  1 

• - — © - -3 

Link  1  Link  2 

Link  1  ~  The  speed  required  at  mode  split  level  M  is  governed  by 
the  transit  trip  time  which  would  attract  M/o  transit  riders  between 

i  ^  1  j  =  1 

Link  2  -  The  speed  required  is  governed  by  the  transit  trip  time 
which  would  attract  transit  riders  between  i  =  1 ,  j  =  1,  or 
i  =  2,  j  =  1,  whichever  is  the  least  time. 

The  above  is  the  simple  principle  which  was  used  in  the 
"Required  Speed"  program.  A  listing  and  the  flow  chart  of  the 
program  are  contained  in  APPENDIX  E. 
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The  following  is  a  description  of  the  required  input  for 
Program  5,  "Required  Speed",  as  well  as  a  general  description  of 
the  function  of  significant  areas  of  the  program. 


1.  Control  Card 


TABLE  IV.  10 

Card  Format  -  Control  Card  for  Program  5, 
"Required  Speed" 


Column  Variable  Name 
2, 3,4, 5  NOR 

7,8,9,10  NDST 

12,13,14,15  IRUN 
17,18,19,20  I YEAR 
22,23,24,25  ICTL 


27,28,29,30  ITEST 

32,33,34,35  LKHI 
37,38,39,40  NORDER 


Identification 
Variable  Definition 

Number  of  origins 

Number  of  destinations 

Run  number 

Year  of  network 

Controls  "sort"  portion  of 

program.  If  ICTL  -  1,  program 

will  print  links  in  ascending 

order  of  Load. 

If  ICTL  -  0,  program  will  skip 
this  section. 

Percentage  increase  in  speed 

desired  to  be  tested 

Highest  link  number 

The  number  of  origin-destination 

combinations  governing  the 

required  speed  whichever  desired 

to  be  output  (l  to  6). 
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Run  0  -  Test  run 

Run  1  -  1964  Edmonton  Transit  Netv;ork 
Run  2  -  Test  run 

Run  3  ~  1964  Edmonton  Bus  Transit  -  with  loop  rapid  transit 
superimposed  (Bakker,  1968) 

Run  4  -  1964  Edmonton  Bus  Transit  -  With  C.N.  rapid  transit 


superimposed  (described  on  T.V. ,  1968). 
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2.  Mode  Split  -  travel  time  relationship. 


TABLE  IV. 11 

Card  Format  ~  Mode  Split  Data  for  "Required  Speed"  Procram 


Column  Variable  Name 

2, 3,4, 5  L 

7,8,9,10  TTR  (L,M  2) 
12,13,14,15  TTR  (L,M  ) 

o 


Identification 
Variable  Definition 
House  Value  Group  *  (Rhyason,  1967) 
Travel  time  ratio,  for  L,M  -  20 % 
Travel  time  ratio,  for  L,M  -  30% 


27,28,29,30  TTR  (L,M6)  Travel  time  ratio,  for  L,M  -  6 0%  * 

*  -  The  range  of  mode  split  from  20%  to  60%  covers  the 
majority  of  Edmonton  situations. 


3.  Initialization,  Statement  10  to  Statement  7 
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4.  Travel  Parameter  Data. 

House  value,  Transit  Excess  time,  Auto  Time,  0  -  D. 

This  data  was  produced  by  a  compression  of  data  used  in 
the  Mode  Split  program,  and  is  essentially  a  summary  of 
finding  by  Rhyason,  1967. 

Card  Format  -  Travel  Parameter  Data  for  "Required  Speed" 

Program 


Column 

Variable  Name  Variable  Definition 

2, 3, 4, 5 

IDST 

Destination  centroid 

7,8,9,10 

IOR 

Origin  centroid 

12,13,14,15 

IHVG  (IDST, 

IOR)  House  Value  group 

17,18,19,20 

TTT 

Total  Transit  Time  * 

22,23,24,25 

WALKO 

Walking  time  from  origin  to 

transit  stop 

27,28,29,30 

WAIT 

Waiting  time 

32,33,34,35 

TRANS 

Transfer  Time  ** 

37,38,39,40 

WALKD 

Walking  time  from  transit  stop 

to  destination 

42,43,44,^5 

ATT 

Auto  travel  time 

47,48,49,50 

BP 

Bridge  penalty 

52,53,54,55 

TRIP 

Total  trips  between  origin  IOR 

and  destination  IDST 
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Identification 


Column 

Variable  Name  Definition  ' 

57,58,59,60 

MSO  Observed  Mode  Split 

62,63,64,65 

IHV  House  Value  in  Dollars 

*  - 

TTT  ~  From  Rhyason,  1967,  Not  used 

in  this  program. 

**  - 

TRANS  -  from  Rhyason,  1967,  Not  used 

in  this  program. 

**-*  -  - 

UALKD  ~  from  Rhyason,  1967,  Not  used  in 

this  program. 
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5.  Transit  trip  data. 

(Output  from  Program  2,  "Minimum  Path" ) 

This  is  a  multi-card  format.  The  first  card  identifies  the 
origin  and  destination  of  the  trip,  the  number  of  links  in 
the  trip,  the  total  time  and  total  length  of  the  trip.  The 
number  of  links  specified  on  this  card  controls  the  reading 
of  subsequent  link  data  cards  involved  in  that  particular 
trip. 


1MLE_DLJL3 


Card  Format  -  Transit  Trip  Data  and  Link  Control  for 
"Required  Speed  Procram" 


Column 

2,3,4 

6,7,8 

13,14,15,16 


21,22,23,24 


Identification 
Variable  Marne  Definition 


IORTPE 

IDSTPE 

LINKS 


I  TINE 


Origin  centroid 
Destination  centroid 
Number  of  links  in  trip  from 
IORTPE  to  IDSTPE  (controls 
subsequent  link  cards  for 
this  trip. 

Transit  time  for  trip  from 
IORTPE  to  IDSTPE  (x  10) 


29,30,31,32  ILNTH 


(includes  running  time,  trans¬ 
fers,  walking  at  destination) 
Trip  length  (x  100) 
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TABLE  IV.  14 

Card  Format  -  Transit  Link  Data  for  "Required  Speed" 

Program 


Column  Variable  Name 

2, 3, 4, 5  LNK(K) 

7,8,9,10  LT  (K) 

12,13,14,15  LL  (K) 


Identification 

Definition 

Link  number  (K  =  l) 

Link  time  (x  10)  (K  =  l) 
Link  length  (x  100)  (K  =  l) 


62,63,64,65  LNK  (K) 

67,68,69,70  LT  (K) 

72,73,74,75  LL  (K) 

(Continues  on  subsequent 


Link  number  (K  =  5) 

Link  time  (K  =  5) 

Link  length  (K  =  5) 
cards  until  K  -  LINKS  from  transit 


trip  data  (control)  card. 
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6.  Identify  and  remove  the  "transit  impossibles" 

As  was  obvious  from  the  Mode  Split  graphs  (FIGURES  4.12, 
4.17,  4o  21  )  the  highest  house  value  group  have  such  a  flat  mode 
split-travel  time  ratio  curve,  that  even  infinitely  fast  transit 
trips  could  not  significantly  increase  the  transit  ridership 
beyond  its  present  (lQo)  -  approximately.  For  this  reason, 
origins  in  the  greater  than  $25,000  house  value  croup  were 
excluded  from  the  analysis. 

7.  Identify  and  remove  "outliers" 

As  can  be  seen  from  the  Mode  Split  Graphs  (FIGURES  D.6 
D.8)  the  individual  mode  split-travel  time  ratio  points  have 
considerable  scatter  about  the  smoothing  line.  Trying  a  mode 
split  higher  than  observed  could  result  in  a  Travel  Time 
Ratio  (TTR)  of  less  than  1.  These  questionably  small  values 
resulted  in  impossibly  high  link  speeds  on  the  test  runs: 
in  the  order  of  300  to  400  miles  per  hour,  when  actual  practical 
speeds  were  in  the  order  of  15  miles  per  hour.  This  illustrated 
the  point  of  working  beyond  the  range  of  the  original  data. 
Limiting  the  Travel  Time  Ratio  to  the  range  actually  found  by 
Rhyason  eliminated  the  glaring  errors,  although  some  of  the 
widely  scattered  observations  within  the  remaining  range  are 
undoubtedly  open  to  question.  Any  further  work  in  this  area 
should  also  eliminate  all  cases  where  the  observed  mode  split 
differs  from  the  predicted  by  more  than  the  standard  error  of 


estimate. 


STOP  CONTROL 
9999 
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There  were  several  networks  tested  through  the  steps  listed. 

The  abortive  run  0  identified  problems  with  the  tree  building  program. 

Run  1  was  used  to  test  the  program  and  the  basic  1964  network,  (see 
FIGURE  F.l)  Run  2  was  actually  only  a  partial  run  used  to  test  that 
transfers  to  be  added  and  the  bus  links  to  be  romoved  in  order  to 
attract  a  reasonable  ridership  to  the  test  rapid  transit  network.  The 
test  was  considered  reasonable  if  the  new  system  had  at  least  as  many 
patrons  as  the  bus  lines  it  replaced.  Run  3  was  the  main  test  of  a  pro¬ 
posed  rapid  transit  facility  superimposed  on  the  basic  1964  Edmonton  Tran¬ 
sit  network.  The  transit  system  considered  was  proposed  by  J,  J,  Bakker 
in  his  report  "Public  Transportation  in  Edmonton,"  1968,  This  network 
is  shown  in  FIGURE  F,2.  A  rapid  transit  system  recommended  by  the 
City  Commissioners  was  also  tried.  This  network  was  only  detailed 
to  the  extent  of  information  gleaned  by  hearing  a  description  on  T.V. , 
and  the  analysis  was  cut  short  by  the  closing  of  the  computing  centre  for 
moving,  but  the  coded  network  is  available,  and  the  "trees"  are  on  tape 
1512,  This  network  is  shown  in  FIGURE  F,3, 

The  running  times  on  the  rapid  transit  links  tested  were 
determined  by  means  of  a  moving  template  incorporating  the  optimum 
acceleration,  running  speed,  station  stop  time,  and  deceleration 
characteristics  of  a  typical  rapid  transit  installation.  The  oper¬ 
ating  characteristics  used  in  this  test  were  ob tained. from  the  Bechtel 
Report  on  Rapid  Transit  for  Edmonton, 
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Headway  = 
Acceleration  = 
Running  Speed  = 
Deceleration  = 

Station  dwell  = 


5  minutes 

2„5  miles  per  hour  per 
50  miles  per  hour 
2o5  miles  per  hour  per 
20  seconds 


second 


second 


FIGURE  IVol3  shows  the  composite  template  used  to  obtain 
average  operating  speed  between  rapid  transit  nodes.  The  horizontal 
line  through  the  moveable  portion  of  the  template  was  placed  on  the 
scaled  distance s  and  the  average  running  time  was  read  from  the  time 
scale. 


DISTANCE  SCALE  IN  MILES 
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SOLID  LINES  ARE  ON  FIXED  PORTION 
DOTTED  LINES  ARE  ON  SLIDING  PORTION 

A  =  1/2  STATION  DWELL  =  10  SEC. 

B  =  ACCELERATION  =  2  5  MPHPS. 

C  =  RUNNING  SPEED  =  50  MPH. 

D  =  DECELERATION  =  2  5  MPHPS. 

E  =  1/2  STATION  DWELL  =  10  SEC. 


FIGURE  4-14  RAPID  TRANSIT  TIME-DISTANCE  TEMPLATE 
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CHAPTER  V 

RESULTS 

TABLE  Vo  1  lists  the  results  of  the  "Required  Speed"  analysis 
for  run  1,  the  1964  Edmonton  Transit  Network.  This  was  the  basic  network 
that  was  used  to  test  the  various  programs  and  the  rapid  transit  test 
alternatives  were  superimposed  theron  for  subsequent  runs. 

TABLE  V.2  lists  the  links  of  Run  1  in  ascending  order  of  load. 
Since  these  trips  include  only  A.M.  peak  hour  trips  to  Central  Study  Area 
destinations,  they  cannot  be  compared  to  actual  patronage  at  any  spot,  but 
the  network  was  adjusted  by  adding  or  deleting  transfers  until  the  trips 
appeared  to  be  in  proportion  to  the  observed  ridershipc 

An  interesting  exception  was  found  in  links  552  and  553,  by 
which  any  trips  from  northside  origins  to  destination  centroid  4,  the 
Government  Centre,  would  have  to  arrive.  Since  these  links  do  not  ap¬ 
pear  in  TABLES  V. 1  and  V.2,  and  yet  Government  Centre  employees  do  arrive 
by  transit,  the  omission  was  inves tigated0  The  omission  was  traced  back 
to  the  internal  workings  of  the  "Required  Speed"  program^  as  described 
in  Chapter  IV,  Item  6  and  7.  A  few  of  the  trips  were  eliminated  from 
consideration  as  "transit  impossibles",  but  most  were  removed  because 
they  were  "outliers".  Further  investigation  revealed  that  the  diffi¬ 
culty  of  attracting  trips  to  the  Government  Centre  had  been  recognized 
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by  the  Transit  System,  and  there  had  been  "special"  peak  hour  service  to 
the  Government  Centre  in  1964,  in  an  effort  to  attract  trips  from  difficult 
areas.  The  Author  had  only  included  scheduled  runs  in  the  1964  network. 
Since  the  special  runs  have  been  discontinued,  and  since  the  Rapid  Tran¬ 
sit  Facility  to  the  subsequently  tested  would  not  be  affected  by  their 
inclusion,  the  specials  were  not  added  to  the  basic  network. 

TABLE  V.3  lists  the  complete  results  of  the  "Required  Speed" 
analysis  for  run  3,  the  1964  Edmonton  Transit  network  with  a  loop  Rapid 
Transit  System  superimposed,,  A  coding  slip  resulted  in  the  mischievous 
suggestion  appearing  in  the  title  of  TABLE  V.l,  that  this  is  the  1994 
Transit  Network,,  Subsequent  announcements  by  the  City  of  Edmonton  en¬ 
couraged  the  author  to  leave  the  mistake  uncorrected,  since  it  may  be 
prophetic. 


Run  3  contains  many  links  unaffected  by  the  inclusion  of  the 
rapid  transit  system,  so  is  in  part  indicative  of  Run  1.  It  also  con¬ 
tains  nearly  all  of  the  components  of  the  rapid  transit  system  tried  in 
Run  4,  so  is  considered  representative  of  the  entire  exercise. 

It  was  interesting,  and  possibly  even  instructive,  to  the 
existing  and  required  speeds  of  various  specific  links  in  relation 
to  their  physical  situation.  Starting  at  the  top  of  TABLE  V.l,  links 
3,  4,  and  5  (see  FIGURE  F.2)  are  on  97  St.  north  of  Jasper  Avenue.  In 
each  case,  the  existing  speed  is  sufficient  to  contribute  to  a  mode 


* 
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split  comparable  to  the  city  average.  Links  6  and  7  are  on  Jasper  Avenue 
from  97  St.  to  101  St.  Their  existing  speeds  are  definitely  contributing 
to  a  low  mode  split.  Link  214  represents  a  poor  coding  job,  since  it  in¬ 
cludes  a  layover  in  Meadowlark  Park  Shopping  Centre. 

It  is  perhaps  significant  that  many  of  the  links  whose  existing 
speed  is  associated  with  low  mode  splits,  are  downtown  links  containing 
large,  major  bus  stops. 

The  rapid  transit  links  which  it  was  desired  to  test  begin  at 
608  to  641  on  page  5  of  TABLE  V.l.  Note  that  with  the  exception  of  links 
640  and  641  the  existing  speed  is  adequate  to  attract  a  substantial  mode 
split.  This  exception  is  an  error  in  the  procedure  used  to  determine  rapid 
transit  link  times.  These  links  were  on  either  side  of  a  transfer  node  and 
erroneously  contained  the  time  for  a  station  stop. 

Although  not  particularly  applicable  to  the  fictitious  network 
tested,  TABLE  V.4  contains  a  listing  of  network  links  in  ascending  or¬ 
der  of  load.  The  number  of  trips  is  not  significant  since  they  are  1964 
downtown  destined  trips  assigned  to  a  network  not  expected  to  be  supported 
by  a  city  of  that  size  or  that  narrow  a  trip  purpose.  The  listing  is  in¬ 
cluded  only  because  it  would  be  valuable  in  a  real  analysis  of  alterna¬ 
tives  and  is  logically  included  in  this  type  of  program.  It  was  not  in¬ 
tended  to  predict  the  ridership  on  this  particular  test  network. 


RESULTS  OF  REQUIRED  SPEED  ANALYSIS  FOR  RUN 
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l?.o 

10.8 

12.7 

15.2 

19.  3 

26.4 

156 

12.6 

10.8 

12.7 

15.2 

19.3 

26.4 

157 

13.8 

10.8 

12.7 

15.2 

19.3 

2  b  ,  4 

158 

13.3 

10.8 

12.  7 

15.2 

19.3 

2  6,4 

!  59 

15.  3 

19.8 

12.7 

15.2 

19.  3 

2o  .  4 

16" 

15.7 

10.8 

12.7 

15.2 

19.  3 

26.4 

161 

15.0 

10.8 

12.  7 

15.2 

19.3 

2  6.4 

168 

12.9 

9.1 

10. 7 

12.7 

16.0 

21.5 

171 

12.  6 

10.1 

11.5 

13.2 

16.7 

24.2 

172 

12.7 

10.  1 

11.5 

13.2 

16.7 

24.2 

1  76 

12.5 

10.  1 

11.5 

L3.2 

16.7 

24.2 

177 

13.o 

IP.  1 

11.5 

13.2 

16.7 

24.2 

178 

13.7 

19.  1 

11.5 

13.2 

16.7 

24.2 

1  79 

13.3 

10.  1 

11.5 

13.2 

16.7 

24.2 

182 

15.6 

19.1 

11.5 

13.2 

16.7 

24.2 

183 

13.9 

10.1 

11.5 

13.2 

16.  7 

24.2 

184 

13.1 

10.  1 

11.5 

13.2 

16.  7 

24.2 

187 

11.3 

12.4 

13.7 

15.5 

19.6 

28.2 

188 

10.7 

12.4 

13.  7 

15.5 

19.6 

28.2 

189 

12.9 

12.4 

13.7 

15.5 

19.6 

28.2 

1  90 

10.  7 

12.4 

13.7 

15.5 

19.6 

28 . 2 

197 

11.7 

10.6 

11.8 

13.3 

16.3 

21.8 

198 

12.7 

10.6 

11.8 

13.3 

16.  3 

21.8 

201 

11.5 

10.6 

11.8 

13.3 

16.3 

21.8 

206 

9.9 

9.  1 

10.7 

12.7 

16.0 

21.5 

210 

17.2 

12.1 

13.6 

15.5 

19.6 

28.2 

211 

16.  5 

12.1 

13.6 

15.5 

19. b 

28.2 

212 

1  7.6 

12.1 

13.6 

15.5 

19.6 

28.2 

213 

16.8 

12.1 

13.6 

15.5 

19.6 

28.2 

214 

5.2 

12.  1 

13.6 

15.5 

19.6 

28.2 

215 

17.o 

12.4 

1  3.  7 

15.5 

19.6 

28.2 

216 

16.3 

12.4 

13.7 

15.5 

19,6 

28.2 

217 

16.  a 

12.4 

13.  7 

15.5 

19.6 

28.2 

•TABLE  V,3  (Continued) 


"UN  NO.  3  1914  TRANSIT  NETaTRK 


L  INK 

1  0  f  J  4 

SPEED  RU 

0  T  0 

ATTAIN 

VAR  I nus 

MODE  SPLITS 

NO. 

SPEED 

20* 

?n4 

4^4 

5  r  4 

60  4 

218 

15." 

12.4 

13.7 

15.5 

19.6 

28.2 

219 

16.2 

12.4 

13.7 

15.  5 

19.  b 

2d. 2 

220 

17.3 

12.4 

13.7 

15.5 

19.6 

28.2 

223 

10.4 

6.2 

7.0 

7.6 

8.5 

10.7 

224 

10.4 

12.4 

13.7 

18.5 

19.6 

28.2 

225 

lo.o 

12.4 

13.7 

15.5 

19.6 

28.2 

2  26 

lo.? 

12.4 

13.  7 

15.5 

19.6 

28.2 

237 

15.5 

12.4 

13.7 

15.5 

18.8 

25.0 

241 

15.2 

6.2 

7.0 

7.6 

8.5 

10.7 

245 

17.3 

12.  1 

13.  5 

14.8 

16.6 

20  .  a 

251 

8.4 

12.1 

13.5 

14.8 

16.6 

20.8 

252 

16.5 

12.  1 

13.5 

14.8 

16.6 

20.8 

285 

14.2 

9.8 

11.  1 

12.5 

15.4 

21.1 

256 

14.  " 

9.8 

11  .1 

12.5 

15.4 

21.1 

257 

14.8 

9.8 

11.1 

12.5 

15.4 

21.1 

258 

14.  0 

9.8 

11  .  1 

12.5 

15.4 

21.1 

259 

13.9 

9.8 

11.  1 

12.5 

15.4 

21.1 

26° 

t  I  .  5 

9.8 

11.1 

12.5 

15.4 

21.1 

273 

13.  -> 

7.0 

7.9 

8.9 

10.8 

14.5 

274 

10.0 

7.6 

8.6 

9.6 

11.7 

15.6 

278 

13.2 

7.6 

8.6 

9.6 

11.7 

15.6 

279 

13.3 

7.6 

8.  6 

7.6 

11.7 

15.6 

282 

10.3 

7.7 

3.6 

9.7 

11.7 

15.5 

2  83 

10.4 

7.7 

8.6 

9.7 

11.7 

15.5 

284 

10.6 

7.7 

8.6 

7.7 

11.7 

15.5 

285 

10.0 

7.7 

8.6 

9.7 

11.7 

15.5 

286 

10.5 

9.3 

10.  a 

12.7 

15.8 

20.7 

287 

12.4 

9.3 

10.8 

12.7 

15.8 

20.7 

288 

12.4 

9.3 

1C. 3 

12.7 

15.8 

20 . 7 

295 

17.1 

9.3 

10.8 

12.7 

15.8 

20.7 

296 

16.6 

9.3 

K.8 

12.7 

15.8 

20.7 

297 

15.8 

9.3 

10.8 

12.7 

15.8 

20.7 

298 

15.8 

9.3 

10.8 

12.7 

15.8 

2C.7 

3r  1 

12.6 

6.5 

7.  3 

3.3 

10.4 

14.4 

302 

14.0 

6.5 

7.  3 

8.3 

10.4 

14.4 

303 

12.0 

6.5 

7.3 

8.3 

10.4 

14.4 

305 

13.o 

8.6 

9.3 

11.2 

14.  1 

20.1 

306 

12.9 

8.6 

9.3 

11.2 

14.  1 

20.1 

369 

18.0 

3.6 

9.  3 

11.2 

14.  1 

20.1 

3r 

I8.0 

8.6 

9.8 

11.2 

14.1 

20.1 

314 

11.6 

7.3 

8.  1 

d  •  9 

9.9 

12.4 

315 

10.6 

7.3 

8.  1 

8.  9 

9.9 

12.4 

31b 

10.6 

7.3 

8.  1 

8.9 

9.9 

12.4 

317 

10.9 

7.3 

8.  1 

3.9 

9.9 

12.4 

318 

9.0 

7.3 

8.  1 

8.9 

9.9 

12.4 

324 

11.6 

9.  1 

10.3 

11.7 

14.5 

20 .2 

331 

11.7 

9.  1 

10.3 

11.7 

14.5 

20.2 

332 

22.  7 

9.  1 

10.3 

11.7 

14.5 

20.2 

136 

9.9 

8.2 

9.  1 

10.2 

12.3 

16.1 

344 

4.0 

9.1 

10.  3 

11.7 

14.5 

20.2 

352 

6.9 

6.6 

7.  8 

9.2 

10.3 

13.4 

353 

6.9 

6.6 

7.8 

9.2 

10.8 

13.4 
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TABLE  V.3  (Continued) 


RUN  NO.  TS 


vyj't  transit  nttwork 


RASL 


INK  1904 

Si'l  l  l<  Ri  g  li  T (J 

ATTAIN  VAKIDUS 

•llJlJt 

NO.  Sl’ll.l) 

?.r  t  3 0  S 

4*H  504 

354 

7.9 

6.6 

7.8 

9.2 

19.0 

13.4 

350 

7.9 

6.6 

7.8 

9.2 

19.8 

13.4 

36  1 

0.6 

9.8 

11.2 

13.0 

15.8 

29  .  p 

363 

7.4 

9.8 

11.2 

13.0 

15.8 

2C.T 

3  64 

0.4 

9.8 

11.2 

13.0 

15.8 

20 . 0 

364 

12.7 

9.8 

11.2' 

l  1.0 

15.8 

20. 0 

3Kb 

11.5 

9 . 8 

11.2 

13.0 

15.8 

29.9 

368 

11.4 

9.8 

11.2 

1  1.0 

15.0 

20.0 

37° 

9.8 

9.8 

11.2 

13.0 

15.8 

20  .r 

373 

9.8 

4.6 

5.4 

6.3 

7.  7 

19.4 

3  76 

13.5 

6.3 

7.1 

8.0 

9.7 

13.0 

377 

19.4 

7.7 

9.0 

10.6 

13.0 

17.1 

3  76 

13.6 

19.4 

12.1 

14.4 

18.0 

24. C 

3  86 

19.2 

10.4 

12.  1 

14.4 

18.0 

24 . 9 

389 

11.4 

7.7 

9.0 

19.6 

L  3. 0 

17.1 

39n 

11.3 

7.7 

9.0 

10.6 

13.0 

17.1 

391 

10.  H 

7  .  7 

9.0 

10.6 

13.0 

17.1 

394 

10.9 

7.  7 

9.0 

10.6 

13.o 

17.1 

412 

12.7 

7.8 

8.6 

9.7 

11.8 

15.5 

413 

1  5.4 

7.8 

8.6 

9.7 

11.0 

15.5 

414 

19.8 

7.8 

8 . 6 

9. 7 

11.8 

15.5 

415 

5.7 

7.8 

8.6 

9.7 

11.8 

15.5 

43  3 

19.1 

9.8 

11.2 

13.o 

15.0 

29.0 

4  34 

9.  0 

9.8 

11.2 

13.0 

15.8 

2C.0 

436 

12.  3 

5.9 

6.7 

7.6 

9.4 

13.9 

437 

19.0 

5.9 

6.7 

7.6 

9.4 

13.0 

438 

11.5 

5.9 

6.  7 

7.6 

9.4 

13.9 

442 

19.2 

9.8 

11.2 

13.0 

15.8 

29.9 

443 

19.4 

9.8 

11.2 

1  l.P 

15.0 

26.0 

448 

10.2 

9.8 

11.2 

13.0 

15.0 

20.0 

449 

19.  8 

9.8 

11.2 

13.9 

15.  0 

20 . 9 

459 

19.2 

9.8 

11.2 

13.0 

15.8 

2C.0 

451 

1C.  5 

9.8 

11.2 

13.0 

15.8 

20.9 

454 

12.9 

9.  1 

19.6 

12.5 

15.  5 

20.4 

457 

12.3 

9. 1 

19.6 

12.5 

15.5 

20.4 

458 

ln.l 

9.  1 

l  C  .  6 

12.5 

15.5 

29 . 4 

461 

8.1 

6.3 

7.1 

8.0 

9.7 

13.0 

462 

12.9 

6.3 

7.  1 

0.0 

9. 7 

13. C 

4  6  5 

12.7 

7.  7 

9.0 

10.6 

1  3.0 

17.1 

466 

19.3 

7.7 

9.0 

10.6 

13.o 

17.  1 

467 

1  9 . 4 

7.7 

9.9 

19.6 

13.o 

17.  1 

479 

15.9 

6.0 

6.7 

7.6 

9 . 4 

12.7 

471 

12.9 

6.9 

6.7 

7.6 

9.4 

12.7 

474 

10.9 

7.7 

9.0 

10.6 

13.0 

17.1 

475 

12.7 

7.7 

9.0 

10.6 

13.0 

17.1 

4  76 

13.1 

7.7 

9.0 

10.6 

13.0 

17.1 

477 

12.7 

7  .  7 

9.0 

10.6 

13.9 

17.1 

489 

8.1 

6.3 

7.1 

8.0 

9.7 

13.0 

481 

8.9 

6.3 

7.1 

8.0 

9.7 

13.0 

482 

8.1 

6.3 

7.  1 

8.0 

9.7 

13.0 

483 

8.3 

6.3 

7.  L 

8.0 

9.7 

13.0 

484 

8.1 

6.3 

7.1 

8.0 

9.7 

13.9 

SI'L  1  t  i 


86 


RUN 


L  [  NK 
NO, 


485 

492 

495 

4QR 

499 

592 

593 

597 

598 

513 

514 

515 

516 

517 
529 

521 

522 

523 

524 

525 

526 
529 

5  39 

533 

534 
546 
598 
608 
610 
612 
614 

6  16 
618 
619 
624 
6  26 
629 
63n 

633 

635 

637 

639 

649 

641 

651 

652 

653 
656 
662 
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NO.  3  1934  transit  network 
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1994  SPEED  Rf J  D  TU  ATTAIN  VARIOUS  NUCfc  SPLITS 


SPFFD 

20* 

30  I 

40* 

50  i 

60* 

8.1 

6.3 

7.  1 

8.0 

9.  7 

13.o 

9.4 

5  .  3 

6.  0 

6 . 8 

8 . 4 

11.6 

10.5 

I0.4 

1  ?.  L 

14.4 

I8.0 

24.” 

9.2 

5.3 

b. 1 

6.  a 

3.4 

11.6 

9.0 

5.3 

6.  3 

6.3 

9.4 

11.6 

°.6 

5.3 

6.0 

6.8 

8.4 

11.6 

9.9 

5.3 

6.0 

6.8 

8. 4 

11.6 

9.9 

6.6 

7.5 

8.7 

11.0 

16.1 

10.3 

7.1 

8.2 

9.6 

11.9 

16.1 

13.7 

7.1 

8.2 

9.  6 

11.9 

15.5 

1  3  .4 

7.  1 

8.2 

9.6 

1  L  .  9 

15.5 

12.7 

7.1 

8.2 

9.6 

11.9 

15.5 

13.4 

7.1 

8.2 

.  9.6 

11.9 

15.5 

1  0 .3 

7.1 

8.2 

9.6 

11.9 

15.5 

13.4 

10.4 

17.  1 

14.4 

I8.0 

24.o 

12.0 

10.4 

12.1 

14.4 

18. 0 

24.0 

12.0 

10.4 

12.1 

14.4 

18.0 

24.0 

13.1 

10.4 

12.  1 

14.4 

13.0 

24.0 

13.4 

19.4 

17.1 

14.4 

18.0 

24.0 

13.1 

10.4 

12.1 

14.4 

18.0 

24.0 

13.8 

10.4 

12.  1 

14.4 

18.0 

24.0 

11.5 

6.9 

8.1 

9.7 

12.2 

16.6 

11.  1 

6.9 

8.  1 

9.7 

12.2 

16.6 

10.9 

6.9 

8.  1 

9.7 

12.2 

16.6 

11.2 

6.9 

8. 1 

9.7 

12.2 

16.6 

11.6 

10.4 

11.5 

12.8 

15.2 

19.5 

19.3 

7.6 

8.5 

9.3 

10.5 

13.2 

3  7.  1 

19.4 

11.5 

12.8 

15.2 

19.5 

31.o 

10.4 

11.5 

12.8 

15.5 

20.4 

IS." 

10.4 

11.5 

12.8 

15.5 

20 . 4 

3?  .  8 

10.4 

11.5 

12.8 

15.  5 

20.4 

22.7 

10.4 

11.5 

12.3 

15.5 

20.4 

13.1 

10.4 

11.5 

13.2 

16.7 

24.2 

1  7.o 

10.4 

11.5 

13.2 

16.7 

24.2 

19.9 

9.1 

10.7 

12.7 

I6.0 

21.5 

27.2 

9.  1 

10.  7 

12.7 

I6.0 

21.5 

15.8 

9.1 

lo.  7 

12.7 

1  6 . 0 

21.5 

79.3 

9.1 

10.7 

12.7 

16.0 

21.5 

2  6.3 

10. 1 

11.5 

13.2 

16.  7 

24.2 

22.2 

10.  1 

11.5 

13.2 

16.7 

24.2 

30.9 

7.6 

8.6. 

9.6 

11.7 

15.6 

33 . 5 

7.6 

8.6 

9.  6 

11.7 

15.6 

10.9 

10.1 

11.5 

13.2 

16.  7 

24.2 

10.4 

10.1 

11.5 

13.2 

16.  7 

24.2 

9.5 

9 . 1 

I0.7 

12.7 

16.0 

21.5 

ll.o 

6.3 

7.1 

7.7 

B  •  0 

10 . 6 

10.8 

9.1 

10.7 

12.7 

16.0 

21.5 

8.7 

9. 1 

10.3 

11.7 

14.  5 

20.2 

41.5 

6.2 

7.  3 

8.5 

9.8 

12.0 

TABLE  V.4 

RUN  3  LINKS  IN  ASCENDING  ORDER  OF  LOAD 


LIMKS  Id  ASCEND [ MG  ORDER  OF  LOAD 


l  I  NK 

T 8  [  PS 

L  INK 

E.X  I 

s  r  1  iiff 

L  CNGIH 

T  1  ME 

SI’ EE  0 

22  3 

6 

1 . 5 

11.4 

24  1 

6 

4.11 

1  .  3 

15.J 

7  5  I 

q 

A.l4 

1.5 

3 . 4 

242 

8 

5.3* 

1.2 

14.  5 

44  A 

L  H 

4.3  4 

2.5 

14. 7 

44) 

1H 

r.2  7 

1  .  5 

1  1.  R 

45  0 

1H 

4 . 3  4 

2.4 

n.2 

451 

18 

5.74 

4.5 

1  4. 5 

4  4  6 

10 

5.31 

1.6 

11.4 

64R 

19 

1.34 

2.2 

3  7.1 

41 

5.4') 

5.5 

13.R 

4? 

>0 

1.3 

1'.  2 

255 

36 

5.95 

4.5 

14.2 

48  ■> 

38 

4.27 

2.5 

3.1 

4  A  l 

38 

5 . 36 

2.  7 

3.4 

4  54 

44 

5.52 

2.6 

12.4 

45  7 

4  4 

5.4  3 

2.  1 

12.3 

4  5  R 

44 

5.44 

2.9 

14.1 

413 

50 

5. 36 

1.4 

1  5 . 4 

45 

S’ 

4.54 

2.3 

1  3.  4 

45 

S2 

1.23 

4.5 

13.4 

roi 

S6 

5.4  4 

1 .9 

12.6 

34;> 

S  6 

5  .47 

5.3 

14.4 

3^  1 

56 

".I? 

5.  8 

1  2.4 

245 

57 

5 . 72 

2.5 

17.3 

412 

So 

■4.3  6 

1 . 6 

12.  d 

256 

62 

4.35 

1.5 

14.0 

257 

6? 

4.32 

1.3 

14.3 

2  5  8 

62 

4 . 2  R 

1  .2 

14.0 

373 

73 

4.  1R 

l  .  1 

9.  3 

474 

73 

4. 34 

1.2 

15.4 

471 

7  3 

4.3  4 

1.5 

12.0 

5n2 

76 

4.3  2 

2.5 

9.6 

5n  3 

76 

4. 1  R 

1.2 

9.0 

615 

76  - 

5.9  3 

l.H 

31.4 

349 

31 

4.33 

1  .  1 

18. 4 

31? 

31 

5.33 

l.l 

13.0 

598 

32 

5.4  3 

2.5 

14.3 

462 

32 

5.94 

1.3 

41.5 

513 

83 

4.41 

1.8 

13.7 

514 

S3 

4.49 

2.2 

13.4 

515 

83 

4.19 

5.9 

12.7 

514 

83 

0 . 3  R 

1.7 

13.4 

51  7 

83 

4.31 

1.4 

1  '.  3 

345 

88 

5.2  4 

1.2 

13.4 

346 

88 

4.43 

2.5 

12.  7 

434 

88 

5.4  1 
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CHAPTER  VI 

CONCLUSIONS  AMD  RECOMMENDATIONS 

Given  transit  network  data  and  established  Mode  Split  relation¬ 
ships,  the  analysis  technique  developed  in  this  thesis  can  be  used  to 
determine,  for  each  link  in  the  system,  the  running  speed  required  to 
attain  a  desired  uniform  level  of  mode  splito 

It  is  perhaps  an  anomaly  that  the  most  useful  feature  of  the 
analysis  is  the  ability  to  predict  a  failure,,  The  rapid  transit  system 
tested  did  not  "fail"  in  that  the  links  tested  could  operate  at  optimum 
operating  speeds,  which  were  sufficient  to  attract  a  high  (50  to  607o) 
percentage  of  trips  as  transit  riders,,  Since  a  real  rapid  transit  sys¬ 
tem  is  operated  at  its  mechanically  optimum  acceleration,  running  speed, 
deceleration,  and  station  dwell,  the  most  useful  information  to  trans¬ 
portation  planners  would  be  whether  the  resultant  average  operating  speed 
were  not  sufficient  to  attract  a  level  of  ridership  sufficient  to  justify 
the  cost  of  the  facility,. 

The  goals  of  this  thesis  which  were  obtained  successfully  are 
as  follows: 

1.  A  basic  test  transit  network  and  trip  data  file  was  devel¬ 
oped  to  be  easily  expanded  or  changed  for  testing  transit 
alternatives  changes  to  components  of  the  excess  travel 


time  of  a  transit  trip. 
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2.  The  "Required  Speed"  program,  which  in  this  analysis  was 
used  with  Edmonton  data,  could  be  used  by  any  city  by  sub¬ 
stituting  the  mode  split  relationships  of  the  city  and  using 
the  minimum  trip  paths  of  that  city's  network  as  found  by 
the  "Tree"  and  "Path"  programs 0 

It  is  recommended  that: 

lo  Test  networks  should  have  the  centroids  located  off  the 
network,  connected  to  it  by  dummy  links  representing  the 
portions  of  the  excess  travel  time  which  occur  at  the  be¬ 
ginning  of  a  trip*  This  would  simplify  the  testing  of 
alternatives. 

2.  Future  work  to  confirm  the  value  of  reiteration  of  mode 
split  relationships  for  transit  network  analysis  should 
be  carried  out.  These  future  analysis  should  consider 
two  aspects  in  addition  to  operating  speed. 

a.  Excess  Travel  Time.,  The  possibility  of  reducing 
total  trip  time  by  reducing  waiting  time  and/or 
eliminating  transfers  should  be  considered  prior 
to  analysis  of  operating  speeds. 

b.  Actual  Ridership,,  The  actual  number  of  riders 
who  would  benefit  by  any  proposed  change  should 
be  considered  to  measure  the  benefits  that  must 

be  considered  relative  to  the  cost  of  any  suggested 
improvements  o 
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JABULAmI 

TO.IP_.DATA 


Destination  1  Destination  2  Destination  4 


Total 

Transit 

Total 

Transit 

Total 

Transit 

Jj-ips 

Trips 

Irips. 

XL IPiL— 

IzlBS 

129 

80 

17 

15 

26 

14 

458 

302 

28 

19 

26 

13 

142 

87 

37 

21 

29 

10 

210 

132 

51 

23 

34 

19 

340 

173 

82 

31 

63 

20 

160 

88 

33 

10 

34 

13 

285 

145 

82 

10 

83 

13 

62 

26 

10 

3 

16 

2 

143 

37 

36 

5 

40 

11 

185 

111 

46 

17 

26 

8 

178 

109 

92 

22 

128 

17 

276 

182 

97 

33 

94 

27 

245 

108 

58 

18 

52 

18 

202 

103 

65 

26 

43 

19 

158 

70 

32 

14 

31 

10 

220 

108 

44 

14 

33 

8 

259 

127 

64 

18 

52 

22 

379 

246 

85 

41 

100 

43 

328 

207 

37 

13 

59 

29 

162 

71 

27 

6 

38 

11 

132 

69 

33 

15 

26 

9 

232 

121 

71 

22 

57 

28 

128 

61 

39 

7 

24 

15 

323 

184 

98 

26 

106 

39 

343 

158 

96 

30 

82 

34 

206 

66 

64 

15 

86 

15 

45 

8 

13 

1 

13 

4 

133 

37 

40 

5 

48 

14 

57 

16 

16 

3 

16 

1 

202 

79 

66 

19 

61 

16 

309 

99 

97 

18 

85 

9 

391 

109 

91 

14 

127 

23 

230 

21 

45 

3 

28 

2 

226 

79 

62 

17 

39 

11 

363 

65 

109 

7 

110 

11 

166 

13 

51 

2 

21 

1 

195 

31 

79 

6 

66 

2 

103 

36 

44 

8 

32 

6 

173 

36 

53 

1 

50 

2 

64 

0 

32 

0 

0 

0 

31 

6 

21 

1 

1 

0 

93 

35 

37 

12 

33 

4 

21 

10 

11 

7 

7 

4 

Oric 

Ceni 

57 

58 

59 

60 

66 

67 

68 

69 

70 

71 

72 

73 

75 

77 

78 

80 

81 

96 

97 

98 

99 

100 

101 

103 

104 

106 

107 

108 

109 

110 

111 

112 

113 

114 

115 

116 

117 

118 

119 


A7 

TABLE  A, 3  (Coat'd) 

IBIP-JATA, 


Destination  1  Destination  2  Destination  4 


Total 

Transit 

Total 

Transit 

Total 

Trai 

Trips 

Xrios 

.Trips 

.Trios 

Trips 

Xrii 

90 

8 

24 

i 

23 

0 

127 

29 

53 

5 

29 

4 

100 

34 

39 

5 

22 

7 

90 

19 

39 

6 

29 

4 

408 

155 

117 

27 

81 

19 

303 

24 

90 

27 

69 

21 

227 

91 

60 

13 

48 

14 

339 

136 

69 

83 

63 

14 

222 

84 

41 

10 

41 

12 

331 

142 

86 

22 

76 

21 

80 

38 

17 

3 

44 

16 

106 

45 

31 

9 

20 

8 

212 

106 

51 

16 

40 

17 

175 

94 

49 

8 

28 

4 

54 

21 

18 

2 

8 

1 

183 

89 

72 

15 

35 

15 

204 

94 

56 

14 

48 

17 

135 

59 

25 

4 

49 

9 

140 

56 

38 

8 

47 

10 

337 

216 

81 

29 

85 

41 

87 

43 

15 

5 

8 

6 

252 

136 

63 

16 

59 

25 

102 

54 

25 

10 

19 

7 

105 

10 

34 

1 

13 

1 

148 

50 

32 

7 

41 

3 

35 

3 

11 

0 

10 

1 

180 

88 

55 

15 

71 

13 

92 

57 

18 

9 

23 

7 

180 

74 

50 

6 

49 

10 

146 

79 

34 

13 

58 

20 

72 

35 

11 

4 

20 

6 

49 

16 

16 

2 

19 

0 

110 

38 

34 

4 

49 

3 

133 

85 

36 

10 

46 

22 

130 

90 

27 

10 

28 

13 

139 

60 

30 

8 

26 

7 

164 

79 

59 

9 

41 

11 

72 

31 

23 

7 

19 

3 

154 

88 

45 

7 

54 

9 

195 

101 

47 

10 

47 

16 

170 

63 

41 

4 

35 

9 

402 

145 

113 

20 

128 

13 

238 

69 

86 

11 

64 

6 

342 

109 

107 

10 

101 

12 

. 

TABLE  A .  4 


'TRANSIT  TRIPS  TO  C.S.A.  IN  A.M.  PEAK  HOUR  -  1964 


Zone 

Actual 

Trips 

Predicted 

Trips 

Zone 

'Actual 

Trips 

Predicted 

Trips 

110 

80 

82 

1330 

91 

112 

120 

104 

88 

1340 

136 

152 

140 

87 

90 

1410 

84 

78 

150 

132 

126 

1420 

142 

93 

210 

173 

163 

1430 

38 

27 

220 

88 

77 

1440 

45 

30 

250 

145 

100 

1510 

106 

107 

240 

26 

25 

1540 

95 

93 

250 

37 

63 

1550 

20 

23 

260 

111 

113 

1620 

99 

90 

310 

108 

103 

1630 

94 

108 

320 

182 

155 

2010 

59 

57 

330 

108 

135 

2020 

56 

80 

340 

103 

101 

2110 

206 

182 

410 

69 

98 

2120 

43 

55 

430 

108 

139 

2130 

136 

128 

440 

127 

111 

2140 

54 

59 

510 

246 

235 

2220 

10 

9 

520 

207 

184 

2230 

50 

38 

540 

71 

65 

2250 

3 

3 

550 

69 

66 

2310 

88 

92 

560 

120 

118 

2320 

57 

27 

710 

61 

75 

2330 

74 

82 

720 

134 

149 

2340 

82 

57 

730 

158 

161 

2350 

35 

11 

810 

66 

82 

2360 

16 

8 

820 

8 

14 

2370 

38 

41 

830 

37 

23 

2410 

85 

85 

840 

16 

18 

2420 

90 

76 

860 

79 

83 

2430 

60 

63 

870 

99 

93 

2440 

79 

64 

880 

110 

153 

2450 

31 

27 

910 

21 

21 

2460 

89 

74 

920 

79 

75 

2470 

101 

94 

930 

65 

62 

2510 

63 

90 

940 

13 

15 

2520 

69 

62 

960 

2530 

148 

158 

1010 

31 

41 

2540 

73 

55 

1020 

36 

27 

2610 

78 

57 

1030 

36 

34 

2620 

107 

100 

1040 

0 

6 

2630 

64 

113 

1110 

6 

16 

2640 

145 

101 

1120 

35 

32 

2710 

69 

79 

1130 

10 

12 

2720 

110 

96 

1140 

8 

14 

3010 

14 

16 

1150 

55 

23 

1160 

34 

37 

7478 

7316 

1170 

19 

17 

1310 

155 

172 

1320 

124 

133 

lASLE 


RELATIONSHIP  OF  AVERAGE  HOUSE  VALUE  TO  AVERAGE  FAMILY 
_ INCOME  FOR  EDMONTON  CENSUS  DISTRICTS.  1961 


L I Nf AR  REGRESSION  ANALYSIS 


''VF.  UOtlSL  VALUE  Vj»  AVC  .  FAMILY  INCOME 


AVt.  HOUSE 
VALUE 


AVI.  I  AM  I L  Y 
I  NCIIML 


1961  UAL  A 

PANE  l 


1  3202. 
14203. 
1  1  7  6  9, 
1 0  2  2  9  • 
12061 . 
t  121  j. 

I7J 74. 
1 4  C  9  4  . 
'9  3  4  U  . 
10701. 
120/1. 
11998. 
1  3043. 
121  Jo. 
1 26  5  0 . 
18002. 

1 7641. 
9100. 
10303. 
2367 3. 
138O0. 
12310. 
10660. 

1 4 1  b 5 . 

I  6  0  C  9  . 
224  79. 
12075. 
13000. 
11362. 
11977. 
14111. 
1232  J. 
13220. 

1 3963. 
16056. 
25224. 
11039. 
24341. 
16055. 
16065. 
16494 . 
14670. 


4970. 
4632. 
6315. 
4  504 . 
4632. 
4660. 
5364. 
5454. 

4  15  5. 
446  1  . 
5022. 
549  7  . 
5105. 
35C2  . 

5  726. 
7290. 
55  3  5. 
304  7. 
0250. 

0  5  3  6  . 

5  16  7. 

5016. 

516  1. 

5002. 

5094. 

7839  . 

5906. 

40  79. 

4464  , 

5116. 

5152. 

4007. 

4955. 

5020. 

5936. 

6513. 

3985. 

8405. 

6715. 

5832. 

6294. 

592  7. 


REGRESSION  L INI  Y  UN  X 


Y  «  l 780. 7546  F  0.2601  X 


COEFFICIENT  UF  CORRELATION  »  0.048 


.  APPENDIX  B 


ACCURACY  CHECK  OF  TEST  NETWORK 
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1 

2 

3 

1 

2 

3 

1 

2 

3 

1 

2 

3 

1 

2 

3 

1 

2 

3 

1 

2 

3 

1 

2 

1 

2 

3 

1 

2 

3 

1 

2 

3 

1 

2 

3 

1 

2 

3 

1 

2 

3 

1 

2 

3 

1 

2 

3 

1 

2 

3 

1 

2 

3 


TABLE  B.l 

FIELD  CHECK  OF  LINK  LENGTHS 

Corrected  B2 

For  +  Z/o 

Distance  Odometer 


Start 

End 

(Miles)' 

Average 

Error 

Length 

Diff. 

28.77 

29.00 

.23 

48.10 

40.85 

.25 

.24 

62.92 

63.17 

.25 

co 

r^- 

. 

.78 

0 

29.00 

29.59 

.59 

40.85 

41.41 

.56 

.56. 

63.17 

63.73 

.56 

f 

29.59 

29.79 

.20 

41.41 

41.62 

.21 

.21 

.21 

.19 

-.02 

63.73 

63.15 

.22 

29.79 

30.32 

.53 

41.62 

42.15 

.53 

.53 

.52 

.52 

0 

63.95 

64.48 

.53 

30.32 

30.77 

.45 

42.15 

17.61 

.46 

.45 

.44 

.43 

-.01 

64.48 

64.92 

.44 

30.77 

31.28 

.51 

42.61 

43.11 

.50 

.51 

.50 

.49 

-.01 

64.92 

65.15 

.53 

31.28 

31.55 

.27 

43.11 

43.40 

.29 

.27 

.27 

.28 

*.01 

65.45 

65.71 

.26 

31.86 

32.05 

.19 

66.00 

66.20 

.20 

.19 

.19 

.17 

-.02 

32.05 

32.30 

.25 

43.89 

44.14 

.25 

.25 

.25 

.25 

0 

66.20 

66.46 

.26 

32.30 

32.61 

.31 

44.14 

44.45 

.31 

.31 

67.51 

67.83 

.32 

32.61 

32.85 

.24 

.54 

.53 

-.01 

44.45 

44.69 

.24 

.24 

67.85 

68.09 

.26 

32.85 

32.92 

.07 

44.69 

44.75 

.06 

.06 

.06 

.07 

*.01 

68.09 

68.15 

.06 

32.92 

33.68 

.76 

44.75 

45.50 

.75 

.76 

.75 

.76 

*.01 

69.85 

70.61 

.76 

35.40 

36.36 

.96 

68.15 

69.15 

.93 

.96 

.94 

.93 

-.01 

77.15 

78.09 

.94 

36.45 

36.78 

.35 

74.02 

74.35 

.33 

.34 

.33 

.31 

-.02 

76.75 

77.09 

.34 

36.78 

37.18 

.40 

74.35 

74.75 

.40 

.40 

.39 

.38 

-.01 

76.35 

76.76 

.40 

37.13 

37.35 

.17 

36.16 

36.35 

.19 

.18 

.18 

.18 

0 

80.14 

80.32 

.18 

37.35 

37.74 

.39 

75.80 

76.16 

.36 

.38 

.37 

.36 

-.01 

80.32 

80.70 

.38 
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.  APPENDIX  C 


LISTING  AND  EXAMPLES  OF  TREE  BUILDING 
■AND  MINIMUM  PATH  PROGRAMS 


LISTING  OF  TREE  BUTT-DING  PROGRAM 


C  THIS  P  k  CG  k  A  MM  t  HLILCi  MM  MUM  PAIH  TREES  ERCJM  AN  ORIGIN  NUDE  TO 

L  All  GIVEN  NUULS  IN  Nt  T  WORK  A  b  ULSIINATIUNS 

L  ALLOWANCE  IS  P  A  U  t  I  GR  GAMS  IN  NfJlJt  ANU/UR  lINK  MJMIIFR  SEOUENCF 

L  TRIP  GUSI  FUNGI  ION  TGI  tit  MMMIMU  MAY  lit  TRIP  IIMF,  TRIP  DISTANCE 

L  UR  A  GURU  l  NAT  I GN  Ut  TRIP  I  I  PL  ANU  UlSTAi'tCL 

C  PRLGRAPPL  UUIPUI  MAY  UL  A  L  I S  T  I NG  ANO/UR  MAGNLIIG  TAPP  GIVING  FlJR 

G  tACH  URIGIN  NGUt  IU  FVIKY  Nt  1  kURK  NUUF  AS  1)1.  S I  I  NAT  IUN  S  THE  TOTAL 

t  IKII  GGSr  ANU  LASI  APPRGAGH  LINK  IRAVLLLLl) 

C  PRCGRAMPL  IS  WRITTEN  SG  THAI  II  PAY  RE  INItRRUPIFI) 

C  SEE  PROGRAMME  DESCRIPTION  EUR  DEEINIIIUN  UE  VARIAbLFS  USED 


ISN 

OUOZ 

UGIPENSIGN  KUIIOOU.LCIIOOOI.LLI 200  0 1 , LUI  10001 , 1 
ILCFI  1000,9  1  ,LNUI  1000,9  1  ,LP  I  I  1000,9  1  ,LMA(  1000  1  ,/ 
2LMWI 10UCI 

I  SN 

CCC3 

REN  I  NO  3 

ISA 

0009 

REAL  Cj,1)  LNK  ,NCR,N(JU,IF  I  ,L  FU  ,  NOG  ,  NPR  ,  NT  A  ,  NHN 

ISN 

CGCS 

1 

FORMAT  I18I9I 

ISN 

C0C6 

CC  2  1=1, NHN 

ISN 

0 CO  / 

PN  1  I  ) =0 

ISN 

coce 

L  P  A (  l )=C 

ISN 

cccs 

LC (  1  ) =0 

ISN 

C010 

CO  3  K=l, 9 

ISN 

cell 

LC  F 1  1  ,K  1  =  0 

ISN 

0C1E 

LNCI I ,K)=0 

I  SN 

CO  1  3 

LP  I  (  1  ,  K  1  =  0 

ISN 

CO  1  A 

3 

COM  INUE 

ISN 

C  C 1 5 

2 

CUNT  INGE 

ISN 

0016 

IF  INcC-115,6,6 

ISN 

0  C  l  7 

5 

CC  7  JM.LNK 

ISN 

CC  IB 

REACl3,8C)NC,N0,KS,KT,PW,PV,L 

ISN 

CC  19 

80 

FORM ATI215, 18, IX, II, 17, IX, 12, 15) 

ISN 

C  C  20 

LT  IL  1  =  1  10*KS)  +M 

ISN 

C  C  2  1 

LL 1 L 1 M l  C  0  *  M  W 1 *MV 

ISN 

C  C  2  2 

IF  I LC I  NO  1-1  I  96 , 9  7, 9  7 

I  SN 

0023 

96 

KZA=KZA*1 

ISN 

0029 

LMA I KZA  ) =NC 

ISN 

C  02  5 

97 

LC I NC )  =  LC I  NO )  +  1 

1  SN 

C  02  6 

K  =  LC I NC ) 

ISN 

C  C  2  7 

LNC I NG , K 1 =  NU 

ISN 

0028 

LPTINC.KIM 

ISN 

CG29 

LCFINO,K)  =  IILFT*LT(LI 1/6001*1  ILFO*LL(L)  1/100) 

ISN 

0030 

7 

CCNT INUE 

ISN 

003  1 

CC  8  JJ=1,KZA 

ISN 

C  C  3  2 

I  =  L  P  A  I  J  J  1 

ISN 

0033 

WRITE  (31  I  ,LC (  l  )  , I LND  I  I  , K I  ,LPT I  I  ,K  1  ,LCF(  1  ,K|  , 

ISN 

C039 

8 

CONTINUE 

I  SN 

C  C  3  5 

GC  TC  11 

ISN 

C036 

6 

CO  10  JJ=1,KZA 

ISN 

0  C  3  7 

REAU  13)  1  ,LC  1  I  )  , 1 LND  1  I ,K  )  ,LPT  (  I  ,K)  ,LCF (  I  ,K  )  ,K 

ISN 

0038 

10 

CONTINUE 

ISN 

C  C  3  9 

DC  11  1=1, NCC 

ISN 

0090 

REAC(3INNT,JW,(KAB(JJ),LT(JJ),LMA(JJ),JJM,JW) 

ISN 

COM 

u 

CLNT INUE 

1  SN 

CC92 

REACI 5 , l ) NCU 

ISN 

CC93 

REACI5,1)(KA8(JJ),JJ=1,NCD) 

ISN 

0099 

DO  98  J J=  1 , NC D 

ISN 

CC9  5 

JV=KA0 I JJ ) 

ISN 

CC96 

PN I JV I =2 

ISN 

CC9  7 

98 

CLNT INUE 

' 


TABLE  C.l  (Continued) 


I  SN 

G  0  8  8 

ISN 

CC8S 

1  SN 

CC5D 

I  SN 

005  1 

1  SN 

CC52 

ISN 

C  C  5  3 

[SN 

C058 

ISN 

CC55 

1  SN 

0C56 

ISN 

C  C  5  7 

I  SN 

C  C  58 

ISN 

C  C  5  9 

ISN 

CL  tO 

I  SN 

1061 

ISN 

C  C  6  2 

ISN 

OOfc  3 

ISN 

CC68 

ISN 

C  C  6  5 

1  SN 

C  C  6  6 

I  SN 

CC6  7 

ISN 

0068 

ISN 

CC65 

1  SN 

CC7C 

1  SN 

C  0  7  1 

ISN 

CO  72 

ISN 

00  73 

1  SN 

0078 

ISN 

CC75 

ISN 

C  0  76 

ISN 

C  C  7  7 

ISN 

0078 

1  SN 

CC  79 

ISN 

oceo 

1  SN 

OCb  1 

ISN 

C  0  32 

ISN 

C  0  8  3 

ISN 

C  0  68 

I  SN 

C  C  6  5 

ISN 

0C66 

ISN 

C087 

1  SN 

G  C  89 

ISN 

C  090 

ISN 

005  1 

ISN 

0092 

ISN 

C  C  9  3 

ISN 

C  0  58 

ISN 

LC95 

ISN 

C  C  96 

ISN 

CC97 

ISN 

C  0  5  8 

ISN 

CC99 

ISN 

0  ICC 

ISN 

0  101 

1  SN 

0102 

ISN 

0  1 C  3 

1  SN 

C  1C8 

ISN 

C  1C5 

l  P  AGE  =  1 
L  I  Nfc  S- 0 

V.R  I  TU  6 , 101  )  I  PAGF 

ic  i  Fi,p pa  r  (  ih  i ,  lo* , 

I'PIMPUM  PATH  TRIES  -  iq(,<i  LDMCMTGN  TRANSIT  NF  T  «CJ  P  «  ■  , 

250X  , 'PAGE ',15/1 
9  CC  12  J=  l  ,LHN 
L  L  (  J  »  =  0 
L  T  I  J  )  =  0 
12  CENT INUE 

DC  13  1=1, NHN 
LM* I l I =0 
K  A  B (  I  l=C 
L P A  I  I ) =0 
KOI  I  1  =  0 
LUI  I  1  =  0 
1 J  CENT  I  NOf 
K  P  =  0 

PE  AC  I  5 , 82  I NNT 
8 2  PCPPAT I  I  5 ) 

I  F  ( NN  T-9998 ) 8  1  ,19,11 
61  CC  NT INUE 
PP  =  LC  (  NM  I 
K 0  (  N N  T  I  =2 
TEST=999999 
DC  1 J  K= 1 , PM 
NN  =  LNC I NN  T  ,  K  ) 

LL(NNI=LCPINNT,K) 

KD  I  NN I  =  1 
KP  =  KP  H 
L  P  h I KP  ) =NN 
LU(NNI=LPT(NNT,K) 

I  F  I  I  EST-LL  (  NM  )  1  7,  1  7,  1  8 
18  TEST =L LINN) 

N  SP  =  NN 
1 7  CC  N  T INUE 
LC  =0 

35  PP=LC I NSF I 
DC  7 2  1=1, KP 
IF  I LMW I  I  1-NSF 172,71,72 

71  P  2  =  I  ♦  l 

IF  I  M2  .CT .KP )  GO  TG  200 
GO  TO  73 

72  CENT INUE 

73  DU  78  J  =  P  2 , K  P 

1  I  =  J-  1 

LPhI  I  I  I  =LPW 1 J) 

78  CUNT  INUE 
2CC  KP=KP-1 

DO  25  K= l , PM 
NN=LND I NSF ,K I 
IF  I  KCI  NM  -l  )26, 27,25 
2fc  L T I NNI =LL I NSF I *LCF  I  NSF , K I 
GO  TU  28 

27  LT INNI  =  LLI NSF I »LCF (NSF  ,  K) 

IF ILLINNI -LT (NNI 125,29,28 

28  LL(NNI=LT(NNI 
KD I NN I = l 

KP  =  K  P  + 1 


TABLE  C«1  (Continued) 


C4 


SA 

0  If. A 

LAWtiOM-NN 

SN 

010  1 

l U (AN  1  -IPTlWSf  ,K 1 

>  A 

0  1  OS 

GO  tn  25 

SA 

0  1 C. 9 

29 

Iff  (  6  ,  1  5  ) 

SN 

6  It  0 

30 

/  f .  /  M  4  f  1  >6  31  ifvl./l  f.  c  , 

SA 

0  l  1  1 

w  s  i  r  f  t  s ,  1 1  i 

5  A 

Oil/ 

3  1 

A  cur « r  (i  5 h  of'  i  s  ,,r  ;  r 

3  A 

Gill 

/“'Iff  (  6  <  /  6  1  N  A  f  ,  >1  f) ,  1 

5  A: 

Oil'. 

2  6 

/  mvi.r  r  3 1 1  x ,  16 1 ) 

>A 

OMS 

Z5 

CON  f  191,/ 

>N 

Oil*, 

K  0  (  A  S  /  1  -  / 

S  A 

Oil/ 

i  /  (/.'it'!;!)  i » 5 

SA 

oils 

51 

1  (.-10*1 

;a 

Clio 

U  110  -  600  1  ,0  #  /  5 , 2  5 

SA 

0  1  /o 

60 

It  S  f  =  99  J9  59 

SN 

0  1  /  1 

Of,  1/  1  1  -  1  ,/P 

SA 

0  1// 

1  =  1  A  x 1  III 

5  A 

0  l  /  _l 

(MUST  11(1113/, 3/,  6 

S  A1 

0  1  /  '. 

60 

1  1  1  10(11  1161,16,16 

iA 

Cl/S 

6  1 

61,  (  (  1  -/ 

i  A 

Cl/O 

It  (/All)  1  I  3  2  ,  1  /  ,  6  / 

SA1 

0  1// 

/  / 

ton  g»  i 

S  A 

C  1  /s 

M  (10-  ACO  1  1/  ,/0,/Q 

SA 

0  1/0 

36 

iniHtm 

i  A 

0  1  30 

AS/  -  ( 

i  A 

0  111 

3/ 

OLA  f  loot 

JA 

Cl  3/ 

00  to  35 

5  A 

cm 

/O 

DC  5/  (  -  1  , AMA 

SA 

0  l  J'. 

A  6  >3  (  11  =  0 

SA 

Ol  35 

LPA ( II =0 

SA 

0136 

l  t  (  I  (  =  0 

SA 

013/ 

5/ 

Cl,  hi  1  00 1 

S  A 

0  13  8 

JW  =  G 

S  A 

C  1  IS 

00  5  J  J J= 1 ,  AHA 

SA 

0160 

II  (AOIJJ 1-1 163,53,56 

SA 

0  16  1 

56 

JH  =  JH  »  1 

SA 

0  16/ 

KAP I J« 1= JJ 

SA 

0  1  6  J 

ttijhj=m  jj) 

S  A 

0  1  66 

LPA ( Jh 1 =IU<  JJ 1 

SA 

0  1 65 

53 

COA 1 1  HAL 

SA 

0  1  66 

J  H  0  t  8  =  1 

SA 

016  / 

HP  I  ft  (  6  i  1  0/  1  AM  ,  J« 

SA 

0  168 

lcz 

ALPHA ( ( ///l OX , 'UP (0 1  A 

SA 

0  l  6  9 

L  1  At  S  =  L  1  At  S*5 

5A 

0  150 

00  1 C  9  / 

SA 

0151 

loo 

HP  1  U  1  6(90  )  1  P  AC,  l 

SA 

0  1  5/ 

98 

f  UPAA  1  1  111]  ,  60X  ,  •  PAOL  ' 

SA 

0  l  5  J 

U At  5  =  2 

SA 

0156 

W  M  1  1 1 1  0 , 1 0  2  1  N  A  t  ,  J  H 

SA 

OL55 

9/ 

H  P  1  1  t  (  0  ,  1  0  3  1 

SA 

0i56 

103 

1  tiPHA  t  16/(611  5MUL  5I  .  1 

SA 

015  / 

L  1  A  L  S  =  L (At  5*1 

SA 

0  158 

HP.  1  It  (  6  ( 106  1 

SA 

0  l  59 

l  C  6 

f DPP  A  t ( 6  X ( 6 1  t 5  A  A  t  U ( 

SA 

0  1  6  0 

L  1  At  5  =  1  1  NL  5*  1 

SA 

out 

00  100  JJ=jHCtP(jH(6 

SA 

016/ 

HP  1  tt  (  0  (  l  05  1  KAIJl  J  .1 1  ,  L 

,  r 


ift  //. 


.}  ,<  i 


r't  :M  r  rr,  .VI  >(A  CrlfS  I.  (  'IK 


■  r  r  r  » 


i  I  ‘4  l  10  4  ,  I  5  ,  2x,  >  l  |  UK  /  ) 


i  5/  i 


COM.  LAST, 3X11 


f  I  Ml.  I  I  NX  ,  IX  )  ) 


J  I  ,1  MA  (  JJ  I 
l  A  A  It  I  JJ*  I  I  .L  t  I  JJ*  1  I  ,1  MA<  JJ*  t  |  , 
ZAAdtJJ*2)  ,  L  1  1  J  J  •  2  I  ,  L  M  A  (  J  J  #  2  I  t 

JK  Afll  JJ*  31  «t  I  (  JJ*  I 1  ,  I  .U  til, 

AX  A  0  t  J  J  *  A  I  1 1  It  I  J  »  '•  I  ,  I  M  A  (  .1  I  t  A  |  , 

5H  All  I  JJ*  A  I  ,  l  It  JJ  *5  |  ,  |  MAI  JJf.  | 


ISA 

0  16  J 

1  C  5 

A  U  P  M  A  I  (  6  X  ,  M  |  6  ,  1  r, ,  |  5  ,  |  X  1  1 

1  5  A 

C  166 

L  1  At  5  =  L  INI  5*1 

ISA 

Ol  65 

IMt  IMS.  Lt  .561  (,0  111  106 

1  SA 

C  16  t 

1  P  A  0  t  =  1  P  A  0 1  *1 

1  SA 

o  toe 

JHO IM= J J 

ISA 

016  9 

00  to  too 

ISA 

0  I  10 

loo 

OUAt INOL 

ISA 

ct/t 

3/ 

It  INI A-2l6U( 61,60 

1  SA 

Oil/ 

6  1 

HHItt  (31  AM  ,  JH,  1  K  All  (  J  J  |  ,  L  1  1  J  J  1  ,1  MAI  J  Jl  ,  JJ  =  1  ,  JH  1 

1  5  A 

Ol  13 

60 

AOO  =  NU(.  *  1 

1  5  A 

C  l  (6 

00  10  9 

ISA 

0  l  13 

19 

HP  lit  1*.  ,6)1 

ISA 

0  1  (6 

63 

tOPMAt  (22H  P  P II 0  P  A  M  M  (  l  M  l  P II  UP  1 1  (1 1 

Isa 

cut 

OU  10  22 

Isa 

CUc 

1 6 

HP  1  1 1  11,65  1 

Isa 

0  l  /  'J 

6  5 

ftjPHAI  (  ,’OH  P  P  13.  P  AM  P  |  OIJMPLI  tl.ll) 

1  SA 

c  i«o 

,  2 

HPlIL  l(,,ll  L  NK  ,  Al  II  i  NOD  ,  LI  1  ,  L 1  1) ,  NUO  ,  NPK  ,  N  T  A  ,  NHN  ,0  HN ,  Kl  A 

1  SA 

0  l  8  l 

HP  1  1 1  (  1,11  1  A/  ,  ALP  ,  NOLI ,  0 1  t  ,U  1)  ,NtM.  »NPH  ,  Nt  A  ,NHN,  LHN,  A  /  A 

1  ,A 

0  18/ 

HI  Hi  Nil  3 

1  SA 

0  l  P  I 

5  tLP 

1  5A 

1  IIH 

t  NO 

****** 

list  Ot 

15  Hi  ll  At  ION  ****** 

TABLE  C.2 


LISTING  OF  MINIMUM 
PATH  PROGRAM 


L  THIS  PROGRAMME  IDENTIFIES  L  I  N  K  o  TRAVELLED  VIA  MINIMUM  PATH  TREE 

C  f-KUM  AN  ORIGIN  NUDt  TU  A  DESTINATION  NODE  IN  NET  wUKKt  LUADS  LINKS, 

C  AND  LALLLLATLS  TOTAL  TRAVEL  COST,  TRAVEL  DISTANCE  AND  TRAVEL  TIME 

C  FOR  ANY  GIVEN  NETWORK  AND  TRIP  INTEKCUANGI  PATTERN 

C  PKUGKAMML  INPUT  lb  MAGNETIC  TAPE  AND  OUTPUT  MAY  BE  A  LISTING  AND/ 

C  OK  PUNCHED  CARDS 

C  PROGRAMME  Is  WRITTEN  SO  THAT  IT  MAY  BE  INTERRUPTED 

C  SEE  PKUGRAMME  DESCRIPTION  FOR  DEFINITION  OF  VARIABLES  USED 


I  SN 

OOC2 

CD  I  MENS ILN  lu(3,A),LL(2COO),LT(2000),LU( 

1NUI 20001 ,NTL( 20001 ,LMA( 100U) ,LVB( LOOOI ,1 

1SN 

CCU  3 

RERIND  3 

I  SN 

OCCA 

REAL  15,11  LNK , NOD , APR , NPU ,NOC , NOR, ADD,' 

I  SN 

0005 

I 

FURMAT  I  5  IA , AI 10 ,21  A, 2 12) 

ISN 

C0C6 

LG  2  J=L,LNN 

I  SN 

CCC7 

KEAL(5,8C)  N,ND,KS,KT  ,  M  *  ,  MV  ,L 

I  SN 

0UC6 

80 

FURMAT (215,  Id, IX, 11, 17,  IX,  12, 151 

I  SN 

0  C  09 

LT  I  L  1=  I  lC*Ki ) +  KT 

ISN 

CC1C 

LL (L 1  =  (  100  *  M  w I tMV 

ISN 

CCll 

NC ( L I  - N 

ISN 

0012 

2 

CENT  INGE 

ISN 

C  C  I  3 

DC  AO  J -  1 , NCD 

ISN 

OOlA 

REAU  (3)  l,LC,ILL(l,KI,LCI2,K),LQI3,K|, 

ISN 

CC  1  5 

AC 

CUM  INUE 

ISN 

OOlfc 

DC  5  1=1, LHN 

ISN 

CC1  7 

ML!  I  )=0 

ISN 

CC18 

LMA 1 I ) =0 

I  SN 

0C1S 

L  V  E  1  l  )  =  C 

I  SN 

0C2O 

5 

CCNT INUE 

ISN 

CC2  1 

IF  INCB-1)3,A,A 

ISN 

0U22 

3 

REAC  13)  NNT ,JW,(NN,LW(NN) ,LU(NNI ,JJ=1, 

I  SN 

C  0  2  3 

I C  T  R  =  l  0 

-ISN 

002A 

12 

REAC  (5,6)  NTC.NTD.NTM 

ISN 

0025 

6 

FORMAT  ( 2  1  A  ,  16 1 

ISN 

0  0  2  6 

NPXD=0 

ISN 

C  C  2  7 

N  PX  T  =  0 

ISN 

0028 

CO  7  1=1,1000 

ISN 

0  0  29 

L  V  (  I  )  =  0 

ISN 

0030 

7 

CCNT INUE 

ISN 

0031 

MN  =  N  TU 

ISN 

C  C  3  2 

* 

II 

o 

ISN 

0033 

IF  (NT0-NNT)8,9, 10 

ISN 

C03A 

8 

wR  ITE  16,11) 

ISN 

0035 

11 

FURMAT  ( AOH  NTO  NTU  MM  TRIP  CARD  OUT 

ISN 

00  3  b 

RR  ITE  (6,6)  NTC, NTD , NTM 

ISN 

0037 

UC  TU  12 

ISN 

00  3  8 

10 

IF  (NTO-9997) 38, 13, 1A 

ISN 

CC3S 

13 

NCC  =  NOCH 

ISN 

CCAO 

GC  TO  12 

ISN 

CCA  1 

38 

I F  l NT0-99S5 ) 8,8,3 

ISN 

C0A2 

1A 

IF  (NTO-9999)  15, lb,  16 

I  SN 

CO  A  3 

15 

WRITE  (6,17) 

ISN 

00  AA 

17 

FCRMATI1HL, IX, 'PROGRAM  INTERRUPTED') 

ISN 

CCA5 

GO  TO  18 

ISN 

CO  A6 

16 

WRITE  (6,19) 

ISN 

00  A  7 

19 

FURMAT  I 20H  PROGRAMME  CCMPLETED) 

ISN 

CCA8 

GO  TU  18 

ISN 

CCA5 

~V 

‘  k  K  =  K  K  +  1 

ISN 

CO  50 

MP=LU(MM| 

TABLE  C.2  (Continued) 


ISN 

0051 

LVIKKI-LUINR) 

ISN 

0052 

LXC ( KK 1 =LL IMP ) 

ISN 

0  0  5  3 

LXT(KK)"LT IMP) 

I  S  N 

CC59 

NPXL=NPXO*LL I RP 1 

ISN 

0055 

NPX  T  =  N  P  X  T *  L  T (  RP  ) 

ISN 

CC56 

NDC=NQO* ( NT  M*  L  L l RP  J  I 

ISN 

005  7 

NT  T  =  N I T  t (NTR*LT I RP)  ) 

I  SN 

C058 

NTLIMP)=NTL(MF)  *MM 

ISN 

C  C  39 

MR=NU( RP) 

ISN 

CQbC 

IF  I  RR-NTC 1 9, 2  0,9 

I  SN 

006  1 

20 

NTC  =  NTCMNTM*LW(NTU)  ) 

ISN 

C  06  2 

IF  (NPR-2 I  22, 21 , 22 

ISN 

OOt  J 

21 

IF!  ICTR.LT. 5)  GO  TO  87 

ISN 

C065 

V.R  IT  E  (  6 ,23  ) 

ISN 

0066 

23 

FORM  AT  I 1H l , 5X , '  1 969  EDMONTON  TRANSIT  NETWORK  TRIP  PATH'//) 

ISN 

C  06  7 

WR I TEI 6 ,81  I 

ISN 

0068 

81 

FORMAT ( IX ,' UR IG 1 N  DEST.  NC  OF  TRIP  TRIP  ', 

131  • - LINK - ',2X1/1 

ISN 

C  06  9 

W  R  I  T  E  I  6 , 2  9  J 

ISN 

CO  70 

29 

FORMAT  1  IX, 'CENT.  CENT.  LINKS  TIME  LENGTH  ', 

13  I  'NO.  TIME  DIST  •  1 , / ) 

ISN 

CC7  1 

IC  TR  =  0 

ISN 

0072 

a  7 

WRlTE(o,25)  NTU,NTD,KK,NPxT,NPXO 

I  SN 

0073 

25 

FORMAT l //  IX, 19,17,18,15,16) 

ISN 

0  0  79 

ICTR=ICTR+1 

ISN 

00  73 

wRITE(6,B2MLV(K),LXT(KI,LXD(KI,K=1,KK) 

1  SN 

0076 

82 

FORMAT ( 33X.I3.2  15, 3X,  I3,2I5,3X,  13,2151 

ISN 

0077 

22 

IF  INPU-2127,26,27 

ISN 

0078 

26 

HR ITEI 7 ,28)NTC,NTD,KK ,NPXT ,NPXD 

I  SN 

C  C  7  9 

28 

FORMAT (  IX , I 3, I 9 , 3 18 1 

ISN 

0080 

WRITEI7  ,851 (LVI KJ ,LXT IK) ,LXU(KI  ,K=1,KK) 

ISN 

0081 

85 

FORMAT ( 15151 

ISN 

0082 

27 

NQB=NCBf 1 

ISN 

CC83 

GC  TO  12 

ISN 

00  89 

4 

REAC  (5,29)  KL 

ISN 

0085 

READ  15,29)  I J.NTL I J ) , J J= 1 ,KU) 

ISN 

0086 

29 

FORMAT  (fc( IX, 19, I 7) I 

ISN 

C  08  7 

IF  (NUC-1) 3,39,39 

ISN 

0088 

39 

DC  36  1=1, NOG 

ISN 

0  C  8  9 

READ  (3)  NNT ,JW, (NN.LWINNI  ,LU(NNI  , J  J  =  1 , J  W I 

ISN 

C09C 

36 

CUNT INUE 

ISN 

CC9  I 

GC  TO  3 

I  SN 

C  C  92 

18 

IF  (NP 2 -2 131,30, 31 

1  SN 

0093 

30 

WR ITE ( 6 ,32  I 

ISN 

0099 

32 

FORMAT (  1H1, 5X ,'  1969  EDMONTON  TRANSIT  NETWORK', 

15Xf • LOACEU  FOR  TRIPS  FROM  ALL  ORIGINS  TO  DESTINATIONS  1.  2,  9*//l 

ISN 

0095 

WR ITE I  6 ,83 ) 

ISN 

CC96 

83 

FGRMATI  IX, 81  • - LINK  —  •  ,9X1) 

ISN 

0097 

toR  l  T  E  (  6  »  ti4  ) 

I  SN 

C098 

89 

FORM  ATI  IX, 81 'NC.  TRIPS'  ,9X,)/I 

ISN 

C  099 

KU  =  0 

ISN 

01CC 

DO  91  J=  1  , LHN 

ISN 

01C  I 

IF  I NTL 1 J )- 1  I  91 , 92 ,92 

ISN 

0  102 

92 

KU  =  KU+  1 

ISN 

0103 

LMA I  KG  I  =  J 

ISN 

0109 

LVBI KU) =N  T  L I J) 

ISN 

C  1  C  5 

91 

COM  INUE 

ISN 

C  106 

WRITE  16,33)  (LMA(J|,LV0IJI ,J=1,KU) 

ISN 

0107 

33 

.ECJiMjTiJjLliAiJ  3iI6i3XJ  I  _  ,  ..  _  . 

ISN 

C1C8 

31 

IF  (NPW-2) 35, 39, 35 

I  SN 

0109 

39 

WRITE  I  7,29)  KU 

ISN 

0  110 

WRIIE  (7,29)  ( LMA I J 1 , LVe ( J 1 , J=1 , KU I 

ISN 

0111 

35 

W  R  I  T  E  (  6 , 8  9  ) 

ISN 

0  112 

89 

FORMAT  UHL  I 

ISN 

0  113 

WR I T  E ( 6 , 1 I  LNK ,NOD ,NPR, NPU.NOC , NOB , NOD , NT T , NTC , L HN , NHN , NP W , NP Z 

ISN 

0119 

WRITE  17, LI  LNK, NOD , NPR , NPU , NOC , NOB , NDD , NT T , N TC , LHN , NHN , N PW , NP Z 

ISN 

0115 

REWING  3 

ISN 

0116 

STOP 

ISN 

C  1 1  7 

END 

*♦***♦  END  OF  COMPILATION  ****** 
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APPENDIX  D 


MODE  SPLIT  PROGRAM 


APPENDIX  D 


MODE  SPLIT  ANALYSIS 

To  test  the  differences  between  hand  and  mechanical 
coding  assignment  and  analysis,  and  because  a  mode  split  analysis 
program  would  be  a  useful  tool,  a  fairly  major  diversion  from 
the  original  objective  of  the  thesis  in  terms  of  time,  was 
undertaken.  TABLE  D.l  is  a  listing  of  the  mode  split  program  and 
FIGURE  D.l  is  a  flow  chart  of  that  program.  The  analysis  follows 
Rhyason's  method.  TABLE  D.2  is  a  listing  of  the  Plot  Subroutine 
of  the  Mode  Split  program,  and  FIGURE  D.2  is  a  f 1 ow  chart  of  that 
subroutine.  TABLE  D.3  is  a  listing  of  the  Regression  Analysis 
Subroutine  of  the  Mode  Split  program,  and  FIGURE  D.3  is  a  Flow 
Chart  of  that  subroutine. 

The  following  graphs  illustrate  the  results  of  the  Mode 
Split  Program: 

1.  For  destination  1,  FIGURES  D.4  to  D.13  show  the 
mode  split  curves  and  coefficient  of  correlation 
for  each  house  value  range.  The  first  graph  con¬ 
tains  complete  data,  followed  by  a  graph  of  data 
grouped  to  reduce  scatter. 


.TABLE  D,  1 


LISTING  OF  MODE  SPLIT  PROGRAM  NO,  4 


C  PR  CG  HAM  CALCULATES  MCDE  SPLIT,  THAVtL  TIME  RATIO,  PLOTS 

C  GRAPHS  MS  VS  TIK,  LALCUIATLS  ERROR  Of  LSTIMATL 

,SN  000'!  DIMENSION  ICR  (  150  ,  I  ZONE!  ISO  ),  IHVI  1501  ,  TTTI  ISO)  ,ATT  (  ISO  I  , 

1  B  P  I  9  5  )  ,  TRIP! 9  SI, C (  16,  100)  ,M(  16,100)  ,  R (16,  1001 , T  TR ITS)  , 

2  A  VMS  I  100)  ,  AVTKUOO)  , PM  5  I  95)  ,STOEE  (95)  ,  IHVGI  95)  .MSHVI9S)  , 
3TRHV (95 ) ,MSHVA(  10U  )  ,  IRHVA I  100)  ,M5U<  95) , 

4WALKUI95)  , W  A  L  K  U I  9  5 )  , T  R  A  N  5  I  9  5  )  ,  W  A  I  T  I  9  5  ) 


c 

tNTLR  NCR- NO.  CP  ORIGINS,  NDST=NO.  OP  DESTINATIONS 

I  SN 

OOC3 

RLAU I  5 , 5 1  NCR, NUST 

1  SN 

0009 

5 

FORMAT ( 21 5 ) 

c 

tNTLR  HUUSE  VALUE  TABLE.  I  OR=OR I G I N , I  ZONE  =  ZCNE ,  l HV  =  HOUSE  VALUE 

I  SN 

0006 

Rt  ALU  5,  10  )  1  [UR  I  I  )  ,  IZLlNt  I  1  )  ,  IHVI  I  )  ,  1=1,  NOR) 

I  SN 

00C6 

10 

FORMAT  I  2  15,16) 

ISN 

000  7 

GO  210  J  J  =  1 , NUS  T 

ISN 

0006 

DU  16  1=1, NCR 

c 

ENTER  IUTAL  TRANSIT  TIRE  TABLE  FOR  NETWORK  HEING  TESTED 

c 

IUST=OESTINATIGN,TTT=TUTAL  TRANSIT  TIME 

1SN 

0009 

READ! 5 , 1 5 )  IUST,  ICRR , T  T II I  ) , TRANS!  I )  ,WA IT  I  I  1  .WALKOI  I ) , wALKIX  I  1 

1  SN 

0010 

15 

PUHMAT I  2 I 5, F  5. 1 , 5X , AF  5. 1 ) 

ISN 

oon 

IF (  1 ORR  .  Nt . I  OR  I  I  )  ) GU  TO  2  5 

ISN 

0013 

16 

CONTINUE 

c 

ENTtK  GENERAL  DATA.  ATT  =  AUTO  TUTAL  T I  RE , BP  =  BR I DGE  PENALTY, 

c 

MSG=  CBStRVEU  MGDE  SPLIT,  TRIP=TKIPS  FROM  ORIGIN 

c 

TRIPS  CEGNTS  TOTAL  TRIPS  TO  DESTINATION 

ISN 

00  1 A 

T  R AX  =  0 

ISN 

0015 

TR  I  PS  =  0 . 

ISN 

0016 

DU  35  1=1, NOR 

ISN 

0017 

RtAL(5,20)  IOUT ,  100, ATT ( 1 )  ,BP(  I  )  ,MSOI I ) ,TRIP(  I ) 

ISN 

00  18 

20 

FURMAT 1215, P5.1  , F  5  •  1 , I 5 , F  5 . 0 ) 

1  SN 

0019 

IF  I  1  DO T . NE .  IDST IGG  TO  25 

ISN 

002  l 

IF  I  1CU.NE . ICR  I I  )  IGO  TO  25 

ISN 

0023 

THIPS=TR[PS+TRIP( I) 

I  SN 

00  2  A 

IHVGI l  )=0 

ISN 

0025 

PMSI I 1=0. 

ISN 

0026 

X  =  A  T  T  l  I  H-BPl  1  1 

ISN 

CC2  7 

IFIX.LE.O. )  GO  TO  1003 

ISN 

C  C  29 

TTR(  I  )  =  TTT<  I )/X 

c 

THAVtL  TIME  R AT  1 0 , TR A  NS  I T  DIV.  BY  AUTO.  11961  AUTO  TIME) 

c 

CORRECTED  BY  SO  CALLED  BRIDGE  PENALTY. 

ISN 

0030 

IF  ITTKI  1  )  .GT.  TMAX)  TRAX  =  TTRUI 

ISN 

C  0  3  2 

35 

CONTINUE 

c 

COUNTERS  FOR  GROUPING  AND  AVERAGING 

ISN 

0033 

DO  37  L  = 1 ,  16 

ISN 

C  0  3  A 

STDttI L 1=0. 

ISN 

0035 

DO  36  IA=1,100 

ISN 

0036 

C I L  ,  I A  )  =0 . 

ISN 

0037 

R ( L , I  A ) =0 

ISN 

0038 

R( L , l A) =0. 

l  SN 

C  C  3  9 

36 

CCNT INUE 

ISN 

COAO 

37 

CONT INUE 

ISN 

COA  1 

MRAX=( TRAXKl . ) *10. 

ISN 

C0A2 

DU  130  [A=10,MMAX,5 

ISN 

00  A3 

DO  125  1=1, NOP 

c 

GROUP  ACCURUING  TG  HCUSt  VALUE  RANGE  -  SEE  RHYASON,  1967 

ISN 

C  OAA 

A  1 

GO  TO  (90,70,95) >JJ 

ISN 

0  0  A  5 

AC 

KK=  1 

ISN 

C  0  A  6 

( 

KK  K=  5 

ISN 

C0A7 

IE (  IHV I  I  ) .GE. 1 1000)  GO  TO  45 

D5 


'  TABIE  D.l  (Continued) 


ISN  CC49 
I SN  C  0  50 
ISN  0051 
ISN  CC53 
ISN  0054 
ISN  0055 
ISN  C  05  7 
ISN  0058 
ISN  0059 
ISN  CC  6 1 
ISN  0062 
ISN  0063 
ISN  0064 
ISN  0065 
ISN  0066 
ISN  0067 
ISN  0069 
ISN  0070 
ISN  0071 
ISN  0073 
ISN  CC  74 
ISN  0075 
ISN  0077 
ISN  CO  78 
ISN  0079 
ISN  CC8C 
ISN  0081 
ISN  0082 
ISN  0083 
ISN  0085 
ISN  0086 
ISN  0087 
ISN  0089 
ISN  0090 
ISN  0091 
ISN  0093 
ISN  0094 
ISN  CC95 
ISN  0096 
ISN  0097 

ISN  CC 9 8 
ISN  CC99 
ISN  0100 
ISN  0102 
ISN  0104 
ISN  0105 
ISN  0106 
ISN  0107 
ISN  0108 
ISN  0109 
ISN  0110 
ISN  cm 
ISN  0112 
ISN  0113 


ISN  0114 


45 


50 


55 


60 

70 


75 


80 


85 

95 


ICO 

1C  5 

110 

120 


21 


125 

130 

135 


C 

C 


L  =  1 

GO  TO  120 

IF!  IHVl  I  I  .GE.140C0)  GC  10  50 
L  =  2 

GC  TG  120 

IF( IHVl II .GE.17C00)  GC  TO  55 
L=  3 

GO  TO  120 

IF (  IHVl  II  .Gt.22CC0)  GC  TO  60 
L=4 

GO  TO  120 
1  =  5 

GO  TO  120 
KK  =  6 
KKK  =  9 

1  F  (  1  H  V  (  II.GE.10C00)  GC  TO  75 
L  =  6 

GO  TO  120 

IF( IHVl I) .GE.16CC0I  GC  TO  80 
L  =  7 

GO  TO  120 

IF  1  IHVl  I  I  .GE. 22000)  GC  TO  85 
L  =  8 

GO  TO  120 
L=9 

GO  TO  120 
KK  =  10 
KKK=1 3 

IF ( IHV II  I .GE. 11000)  GC  TO  100 
L=  10 

GC  TO  120 

IF (  IHVT  1) .GE.150C0I  GO  TO  105 
L=  1 1 

GO  TG  120 

IFI  IHVt 1 1 .GE. 220001  GC  TO  110 

L=  1 2 

GO  TO  120 
L=  1 3 

CC N  T  INUE 
IHVGT I  I =L 

GKGUP  INTO  .5  INCREMENTS  CF  TRAVEL  TIME  RATIO 
F  1  A  =  I A 
Z  =  F  IA/10. 

IFITTKIII.LT. Z)  GO  TO  125 
IFITTRII  I.GE.IZ  +  .5)  I  GO  TG  125 
C(L,  I A  I =C ( L » I Al  +  l. 

M(L.IAI  =  M(L, I  A  I  +  M  SO  1  I  I 

RIL,  l A)=R(L, IA) +TTR III 

CONTINUE 

CONTINUE 

00  1 60  L=KK,KKK 

Z=0. 

J  =  0 

MA  X  = TMAX*10. 

GO  145  IA=10,MAX,5 

FOR  EACH  HOUSE  VALUE  GR OU P , E S T ABL I S H  GROUPED  VALUES  OF  MODE 
SPLIT  AND  TRAVEL  TIME  RATIO,  FOP.  .5  INCREMENTS  OF  TIR 

FM=M ( L , IA I 

JMCIL,  I  A  I  •  E  0_.  .0  .  I  _G  0  _T  C  14  5_ _ _ _ _ _ _ 


.TABLE  D.l  ( Continued) 


1  SN 

C  i  I  7 

J  =  J  +  1 

ISN 

0118 

AVMSI J 1 =  F  M  /C ( l , 1  A  ) 

ISN 

0119 

AVTM  J  )  =R  (  L  ,  I  A  1  /C  t  L  ,  I  A  ) 

I  SN 

Cli'O 

145 

COM  INLE 

ISN 

C121 

J  M  AX=  J 

ISN 

0122 

DC  144  J- 1  t  J M  A  X 

ISN 

0123 

DO  140  1=1, NOR 

c 

FIND  PKECICTEG  MODE  SPLIT  (BY  ASSUMING  THAT 

THC  MS  -  TK 

c 

RELATIONSHIP  CAN  BE  APPROXIMATED  GY  A  SERILS 

OF  STRAIGHT 

'  c 

L1NESI. PREDICT  ICN  IS  BY  INTERPOLATION  BETWEEN  AVE  TTR 

ISN 

012  4 

IFITTRIII.LT. AVTP(J).GR.TTK(l).GE.AVTRIJ+l)) 

GU  TO  140 

I  SN 

0126 

PMS ( I )=AVMS( J ) ♦( AVMSI J+l ) -AVMS ( J) ) * 

1(AVTR(J)-TTR(I))/(AVTR(J)-AVTR(J+L)I 

c 

CALCULATE  STANDARD  EPRCR  OF  ESTIMATE  OF  PREDICTED  MODE  SPLIT 

ISN 

C  1  2  7 

CM  S  =  MSQ ( I  1 

ISN 

0128 

X  =  CM  S-PMS I  I  1 

ISN 

C  12  9 

Y=  TR I P I  I )*X*»2 

ISN 

0130 

Z  =  Z  +  Y 

ISN 

0131 

MShV ( I ) =0 

I  SN 

0132 

TRHVt 13=0. 

ISN 

C  1 3  3 

140 

CCNT INUE 

ISN 

C  1 34 

144 

CONTINUE 

ISN 

0135 

STUEE(L)=(Z/TRIPS)*».5 

ISN 

0136 

KNT  =  0 

ISN 

0137 

KCGNT  =  0 

ISN 

0138 

DO  150  1  =  1, NOR 

ISN 

0139 

IF!  I HVG < I) .NE.LIGO  TO  150 

ISN 

0141 

KCUNT=KCDNT+1 

- ISN 

0142 

_ 

M.  SHV(KOLNT)  =  MSO(  I  1 

ISN 

C  143 

TRHV(NOUNT)=TTR( I ) 

ISN 

0144 

150 

CCNT INUE 

ISN 

C  14  5 

K  T  Y PE=  1 

ISN 

0146 

c 

CALL  PLOT  (MSHV ,TRHV, L , I D S T , K T YPE , KOUNT 1 

ISN 

C  1 4  7 

DO  155  J= 1  ,  JM  A  X 

ISN 

0148 

KNT=KNT»1 

ISN 

C  149 

MSHVA(KNT)=AVMSl J) 

ISN 

C  1 50 

TRHVA(KNT)=AVTR(J) 

ISN 

0151 

155 

CONTINUE 

MSN 

,0152 

KTYPE=2 _  .  -  - 

ISN 

0153 

c 

CALL  PLCT  (MSHVA.TRHVA.L,  I  0 S T , KT Y PE , KN T 1 

ISN 

0154 

160 

CCNT  INUE 

ISN 

0155 

WRITEI6.165) 

_ ISN 

0156 

_ 

165 

FORMAT! IH1,10X,17HHCUSE  VALUE  TABLE) 

ISN 

0157 

WRITE16.170) 

ISN 

0158 

170 

FORMAT (///3 ( 10X.6H0RIGIN, 5X , 6H0R I G I N , 5 X , 5HH0USE I ,/3( 9X, 

18HCENTR0ID,5X,4HZCNE,6X, 5HVALUE )// ) 

ISN 

0159 

Ml=NCR/3+l 

ISN 

0160 

1F( ( ML- 1 ) .EG. NCR )  Ml=N0R/3 

-  ISN 

0162  . 

DO  176  1=1, Ml  _  . 

ISN 

0163 

I  I  =  I  +  M1 

ISN 

C  164 

I I I  =  I  +  ( 2  AM  1 ) 

ISN 

0165 

I  F  (  l  I  1  . GE  .  (  NOR  +  1  )  )  GO  TO  171 

ISN 

0167 

I  F (  I  I  .GE.(NCRU)  1  GC  TC  173 

ISN 

C  169 

WRITE (6,1 75)  I CR (  I ) , I  ZONE (  I  )  ,  IHV ( l I , 

UORJ  I  1J.jJZC.NEU  Uj.LF.yj  U  l«_ _ _ _ 

' 


TABLE  D.l  (Continued) 


ISN 

0170 

ISN 

C  l  7  1 

1  SN 

0172 

ISN 

Cl  73 

ISN 

0179 

ISN 

0175 

ISN 

Cl  76 

ISN 

0177 

ISN 

C 1 7  8 

ISN 

C  1  79 

ISN 

C  1  80 

ISN 

C  1  8  1 

ISN 

0182 

ISN 

0183 

ISN 

C  1  8  5 

ISN 

018  7 

ISN 

0  188 

„ISN 

C  1 89 

ISN 

019C 

ISN 

C 1 9 1 

ISN 

C  192 

I  SN 

C  1 9  3 

ISN 

C  194 

ISN 

C  1  9  5 

ISN 

C  1 96 

ISN 

C  1 9  7 

ISN 

C  1 98 

ISN 

C  199 

ISN 

0200 

ISN 

0201 

I  SN 

0203 

ISN 

0205 

I  SN 

02C6 

ISN 

0207 

ISN 

0208 

ISN 

C2C9 

ISN 

0210 

ISN 

0211 

I  SN 

0212 

ISN 

0213 

ISN 

0219 

ISN 

0215 

ISN 

0216 

ISN 

0217 

_1SN  Q2A9. 

2IURIIIII, I  ZONE (  I  II )  ,  IHV (  [  I  I  ) 

175  FURMAT(3(10X,I5,6X,15,6X,|5I) 

GC  TO  176 

171  WR  ITE 16 , 175)1  OKI  I),  I  ZONE!  I  )  ,  1HV  < I )  , 

110k(  II)  ,  IZONEI  I  1  I  ,  im  I  I  I 

GC  TO  176 

173  WRITE16,175) ICRI  II ,  I  ZLN E I  II*  INVI  I ) 

176  CONTINUE 

WR  I  TEI  6 ,18C  )  IDS! 

180  FORMAT  I  IFI1  ,  IX  .36HTRAVEL  TIME  TABLE  -  DESTINATION  ZONE, 15) 
WR1TE(6,185) 

185  FORMAT  (  /  /  /  3  I  5  X  ,  6  NCR  I  G  I  N  ,  3  X  ,  7HT  MANS  I  T  ,5X  .4HAUTCJ I  ,  /  3  (  4  X  , 

18HCENT  HGID, 3X.5HTOTAL ,5X .5HT0TAL  > ,/3 ( 16X, 4HTIME ,6X, 4HT I  MCI/ I 

DO  191  1=1, Ml 
1 1  =  I  +  M  1 
111=1+1 2*M1 ) 

IF! I  II .GE. INUR  +  1 ) )  GO  TO  186 
I F I  I  I .GE . I  NCR  +  1  I  )  GG  TO  187 
WRITE  I  6, 190 1  ICR (I) , TTTI I )  ,ATT( I) , 

1I0RI Ill ,TTT( I  I) , ATTIII  )  , 

2I0RI l I  I  )  ,TTT I  III  )  ,ATT l  1  I  I  ) 

190  FL'RMAT(3I5X,I5,4X,F6.1,4X,F6.1II 
GO  TO  191 

186  WRITE (6,190)  IURI  I  )  ,TTT  I  I  I  ,  ATT!  I  ) , 

1 1  OR  I  II  )  ,  T  T  T (  I  I  ) , A  T  T I  I  I  ) 

GO  TO  191 

187  WR1TE(6,190)  ICRI  I), TTTI  I)  ,ATT(  I) 

191  CUNTINUE 
WR1TE(6,195)IDST 

195  FORMAT (  1H1 , IX, 16HM0DE  SPLIT  T ABE E  ,  5 X , • DE S T I NA T I  ON ’  , I  5 ) 

WR I T  E I  6 ,200 ) 

200  FORMAT  1/31 1  OX  ,  6hCR I G I N , 2X , 8H0B S ER V E U , Z X , 9 HPRE 0  I C TE  I)  )  ,/3  <9X, 
18HCENTR0ID,3X ,4HM0DE , 7 X .4HM0DE ,2X ) ,/3 I 19X ,5HSPL IT, 6X, 5HSPL I T , 

22X  )  / / ) 

DO  215  1=1 , Ml 
1 1  =  I  +  M  l 
I  1 1  =  1  +  I  2  +  M l I 

IF (  I  I  I  .EQ. (NOR  +  l  I )  GO  TO  201 
IF  I  I  I .EU . I NOR  +  l )  I  GC  TU  202 
WR  ITE (6 ,205)  ICRI  1 )  ,  MSOI  I  I  ,PMS( I  ) , 

II OR  I  I  1  I  ,  MSOI  I  I  ) ,PMSi  I  I  )  , 

2  I  OR  I  I  I  I  )  ,MSO(  I  I  I  )  ,PMS(  I  I  I  ) 

205  FORMAT  I  31 10X, I  5, 3X, 15, 7X,F5. 0,2X1  ) 

GO  TO  215 

2C1  wRITE(6,205)  ICRI  I  )  ,  MSO I  I ) , PHS I  I ) , 

1I0RI II  ) , MSOI I  I ) , PMS (II) 

GO  TO  215 

2  C  2  WRITEI6,205)  ICRI  I ) , MSC ( I )  , PMS l  I  I 

215  CONTINUE 

WRITEI6.2C3) 

203  FORMAT I/////10X, 'NOTE:  0.00  VALUES  WERE  NOT  PREDICTED.', 

I'  PRUGRAM  DOES  NOT  EXTRAPOLATE') 

WRITE!  6,206  I IDST 

2C6  FORMAT  I  1H 1 , 10X , 32HSTANDAR0  ERROR  OF  ESTIMATE  TABLE,  10X, 
110HDEST •  ZCNE , I  5 ) 

WRITEI6.207) 

2  C  7  FUPMAT(//2OX,5HHOUSE,10X,  14HSTAN0AR0  ERROR, /17X, 

111HVALUE  RANGE »9X, 11H0F  ESTIMATE/) 

_ C0_2  1.6  L.?J<K,KKK _ -  _ _ _ 


TABLE  D.l  (Continued) 


ISN  02l'l 
ISN  0220 
ISN  0 2 ^ l 
ISN  0222 
ISN  0223 
ISN  0 22*. 
ISN  0225 
ISN  C  226 
ISN  022T 
ISN  C22H 
ISN  0229 
ISN  0230 


WH  IT  t  I  (1 ,20UI  L  i  S  TUC  E  (  L  I 
206  I  U  R  M  A  T (20a, 13  »l6X|f  6*21 
216  CUM  I  N01 
210  CUNT INUh 
GL  HI  1000 

1003  WkirE(G,L0U2)IA,l,IUK(l)iMl(I),bP|||»X.TTr(|| 
1002  FOkRAr ( 10X, 'DIVIDE  E  R  K 1)  k  •  ,  3|6i/il  10.2) 

GC  TG  A1 
25  RR I T  E I  6  >  30 ) 

30  FORMAT  I  111!  ,  10X,  15HUATA  CAkU  ERR(JR) 

icco  srup 

ENO 


******  ENU  LF  COMPILATION  ****** 
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GROUP  G'<  * 

' '  MOUSE  VALUE 
*  fOJ  EACH 

OEST.  ♦ 
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Rt  AD  COMTPUL 
G  ARD  NO  •  if 
OP  I G I  NS i 
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DO  ?  10 
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DE  5  T I N  A  T I  OHS 
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COUNT  TRIPS 


OEST  2 
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♦  values  to  * 
♦PASS  ro  PLOT  * 

♦  SUCK OUT  I  NT  * 
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>  \  r  .  p  i  r 


00 

1*1,  NOR 
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1  GROUP) 
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GE.*IC  -  L*8 
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♦  ALL  DATA  ♦ 


/•>»*;/  *  *  ■  * 

* 

'  i  n  i  t  i  /.  i  i  z  f  * 

V 

*  • 

* 

NOP=  NUMBER 

OF  ORIGINS 

p  ms ( i  y  » 

'  (PH£DicTro.  » 

MODE  SPLIT  )  » 

OEST  4 

♦CALL  PLCT  FCP< 

♦GP  CL°F.  D  DATA  * 

*  * 
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• 

'  *  1003 

V 
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i >  » p  ‘  ✓  s  /././  /•/ 

/  * 
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✓ 
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♦GE. 1 I  -  L-tO  ♦ 

♦  OUTPUT  * 
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25 

V 
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42 
2  - 


TR/-V  EL 

"  RA'  »C> 
TRANS  *  T  T 
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READ  TRANSIT 
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'  C  OU  \t  F  R 
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ERROR.  OF 
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GROUP  Sf  T  A  VC 
1  MS  AND  tjr  * 
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V 

V 
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r  >  y  \  y  .  y  i 

*  *  y 

y  *  * 

'A  2  .v  DATA  CARD 

*  *  *  ERROR 

y  *  y 

y  *  y  *  >  *■  y  * 


1000 

y  •  y‘;  y  y  y  y  y  y 
STOP 

y  '  y  y  r  •  r  /'  /  * 


TABLE  D.2 


LISTING  OF  PLOT  SUBROUTINE 
OF  NODE  SPLIT  PROGRAM 


ISN  CO 0 2 
ISN  0003 

ISN  CCC4 
ISN  0005 


ISN  0006 
ISN  0007 
ISN  CC08 
ISN  CCC9 
ISN  0010 
ISN  0011 
ISN  0012 


ISN  0013 
ISN  0015 
ISN  0016 
ISN  0017 
ISN  0018 
ISN  0020 
ISN  0021 
ISN  0022 
ISN  0023 
ISN  0025 
ISN  0026 
ISN  0027 
ISN  CC28 
ISN  0030 
ISN  0031 
ISN  0032 
ISN  0033 
ISN  0035 
ISN  0036 
ISN  0037 
ISN  C C 3 8 
ISN  0040 
ISN  0041 
ISN  0042 
ISN  0043 
ISN  0045 
ISN  0046 
ISN  CC47 
ISN  0048 
ISN  0050 
ISN  0051 
ISN  CC52 
ISN  0053 
ISN  0055 
ISN  0056 
ISN  0057 
ISN  0058 
LS.N_006.CL 
ISN  0061 
ISN  0062 


SUBROUTINE  PLCTI  V  SC  ,  T  T  R  ,  l ,  I  OS  T  ,  K  T  Y  PE  ,  NUM  ) 

DIMENSION  MSCI95),TTK(95),LOTPI70,lL0>,MtSS(95),RS<95), 
II TLEI65) >  M  S ( 2  00  ) ,XMS0(95I 
INTEGER  VERT (  200  I 

DATA  ITLE  /  16*'  ',  'M  'U  •,  *D  'E 

1  'S  •  ,  *P  •  i  *  L  •  ,  '  I  •  ,  '  I  •  ,  2*'  ' ,  •% 

2  '  T  ','R  '.'A  ','N  ','S  '.'I  •  ,  *T  • 

3  28*'  •  / 

DATA  LANK, 1SN/4H  ,4H*  /,  NEG , NfcGNEG/ 4H  -  ,4H —  / 

MR  I TE<  6, 7015  I 
7015  ECRMATl 1H1) 

MR  I  T  E ( 6 , 7000 ) 

7CC0  FCRMAT I 50X, ' MODE  SPLIT  VS.  TRAVEL  TIME  RATIO'/I 
MR ITE(6,7001  ) I DS  T 

7 C C 1  FORMAT  I 56X, • OEST INAT ION  ZONE  ',15/1 

* 

:  TEST  THE  VALUE  CF  L  FOR  THE  HOUSE  GROUP 

IF  I L .NE.l . AND.L .NE. 10 )  GO  TO  100 
MRITE16, 7002) 

7002  FCRMAT ( 48X HOUSE  VALUE  GROUP  -  LESS  THEN  til, 000'/) 

GO  TO  110 

ICC  IFIL.NE.2)  GO  TO  101 
MRITEI6, 70031 

7003  FCRMAT ( 48X, • HOUSE  VALUE  GROUP  -  ill, 000  TU  il4,000'/l 
60  TO  1 10 

1C1  IF (L.NE.3)  GO  TC  102 
MRITEI6, 70041 

7004  FORMAT  1 48X ,' HOUSE  VALUE  GROUP  -  $14,000  TO  117,000'/) 

GO  TO  110 

102  IFIL.NE.4)  GO  TO  103 
MR  I  T  E I  6 , 7005  ) 

7005  FORMAT (48X,' HOUSE  VALUE  GROUP  -  $17,000  TO  $22,000*/) 

GO  TO  110 

103  IFIL.NE.5.AND.L.NE.9.AN0.L.NE.13)  GO  TO  104 
MR ITEI 6, 7007 ) 

7C07  FCRMAT ( 48X, • HOUSE  VALUE  GROUP  -  GREATER  THAN  $25,000'/) 
GO  TO  110 

1C4  IFIL.NE.6.)  GO  TC  105 
MRITEI 6, 7008 ) 

7008  FCRMAT148X, 'HOUSE  VALUE  GROUP  -  LESS  THAN  tl0,000'/l 
GC  TO  110 

1 C  5  IFIL.NE.7I  GO  TC  106 
MR  I T  E I  6 , 7009 ) 

7009  FORMAT  I 48X, • HOUSE  VALUE  GROUP  -  $10,000  TO  $16,000'/) 

GO  TO  110 

1 06  IFIL.NE.8)  GO  TO  107 
MRITE(6,7C10) 

7010  FCRMATI48X, 'HOUSE  VALUE  GROUP  -  $16,000  TO  $22,000'/) 

GO  TO  110 

107  IFIL.NE.il)  GO  TO  108 
MRITEI 6,7011  I 

7011  FORMAT (48X , 'HOUSE  VALUE  GROUP  -  $11,000  TO  $15,000*/) 

GO  TO  110 

108  IFIL.NE.12)  GC  TC  109 

_ MRITE(6,70C6) _  _ _  ....  _ _ _ _ 


7006  FCRMAT I48X, 'HOUSE  VALUE  GROUP  -  $15,000  TO  $22,000'/) 
GC  TO  110 
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TABLE  D0 2  (Continued) 


1  SN 

0  0  6  3 

1 C  9 

WR ITE I  6 , 7C12  ) 

I  SN 

G064 

r 

7012 

FORMAT (48X  ,  '  FICUS E  VALUE  GROUP') 

c 

r 

TEST  FOR  GPuUPEO  OR  UNGROUPED  DATA 

I  SN 

0065 

I  10 

IF  (KT7PE.NL. 1  )  GO  TO  111 

I  SN 

0067 

WR I T  t ( 6 , 7013  ) 

ISN 

0068 

7013 

FORMAT  (  5  9  X  ,  'UNGRCUPF  D  DATA') 

I  SN 

CC69 

GU  TO  112 

ISN 

CO  /G 

1  1  l 

WRITE! 6, 7014) 

ISN 

007  1 

r 

70  14 

FORMAT ( 59X, 'GROUPED  DATA') 

if 

c 

THIS  SECTION,  T 0  STMT.  15,  INSERTS  DL ANK S ( L AM K )  I N  THE  PLOTTING 

c 

ARRAY  LOTT'. 

I  SN 

CC72 

112 

CC  15  1-1,65 

ISN 

CO  7  3 

DC  16  I  I  =  l  ,101 

ISN 

0074 

LUTP (  I  ,  I  I  )  =  LANK 

I  SN 

00  75 

16 

CUNT INUb 

ISN 

OC  7  6 

15 

CENT  I NUE 

I  SN 

0077 

LL=0 

ISN 

0078 

LLL  =  G 

ISN 

0079 

DO  20  1  =  1 , N U M 

c 

THE  T*C  IF'S  CHECK  LIMITS  UN  THE  FUTURE  X  C  7  COORDINATES 

ISN 

0080 

IF (  M SO  I  I )  . GT . 00  )  GO  TO  2  5 

I  SN 

0  0  8/? 

I F (  TTR(I).GT.5.C)  GO  TO  2  5 

c 

N  IS  THE  Y-CCORDINATE 

ISN 

0084 

X M SO (  I  )  =MSL(  I  ) 

ISN 

0085 

XN  = ( 8  1  .-XMSC (  I  )  )  /I . 637 

ISN 

0066 

N  =  I  X  N  +  .  5  ) 

c 

NN  IS  THE  X-CCURGINATE 

I  SN 

0087 

NN  =  (  T  TR (  I  )  *20 .  +  1  .  ) 

ISN 

0088 

LOT  P 1 N , NN )  =  ISK 

ISN 

0089 

GC  TO  20 

c 

THIS  RECORDS  THOSE  VALUES  OUTSIDE  THE  RANGE  OF  THE  GRAPH 

ISN 

0090 

25 

LL  =  LL  *  1 

ISN 

009  1 

LLL  =  LLL  *1 

ISN 

C  C  9  2 

MISSILE)  =  M S L (  I  ) 

ISN 

0093 

RSILLL  >  =  TTR (  l  ) 

I  SN 

0094 

20 

CONI INUE 

c 

SET  UP  THE  VALUES  FT,  K  THE  VERTICAL  AXIS 

c 

MS ( I )  REPRESENTS  THE  DIGIIS  ALONG  THE  AXIS 

c 

r 

VERTII)  REPRESENTS  THE  SCALE  MARKINGS 

L 

c 

BLANK  THE  MS(I)  ARRAY  AND  SET  THE  VERTII)  ARRAY  TO  MINUS  SIGNS 

c 

f 

THE  SECOND  POSITION 

ISN 

0095 

DU  50  1=1,48 

I  SN 

0096 

MSI  I  )  =  9  9 

ISN 

C  G  9  7 

r 

50 

VERT  I  I  1  =  NEG 

L 

c 

PLACE  TEE  APPROPRIATE  SCALE  VALUE  IN  EVERY  FOURTH  POSITION  OP 

c 

r 

MSI  I)  AND  DOUBLE  MINUS  SIGNS  IN  EVERY  FUURTH  POSITION  UP  VERT! 

I  SN 

0098 

L 

KK  =  00 

I  SN 

0  G  9  9 

DU  55  1=1,48,3 

ISN 

0  100 

MS (  1)  =  KK 

ISN 

0  1C  1 

KK  =  KK-5 

ISN 

0  102 

55 

VER  III  1  =  NEGNEG 

c 

UUIPUT  THE  GRAPH 
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TART.E  D.2  (Continued) 


ISN  0103 
ISN  QIC'. 
ISN  C 1 0 6 
ISN  0107 
ISN  C1C8 
ISN  0100 
ISN  0110 
ISN  0111 


ISN  0112 
ISN  0113 


ISN  0114 

ISN  0116 
ISN  0117 

ISN  0118 
ISN  0119 
ISN  0120 
ISN  0121 

ISN  0122 
ISN  0123 


00  60  K=1 , 40 

IF (MSI K ) .IT . 99)  GU  IG  65 

WKITE(6,0OO2llTLE(K),VERT(KI,(LOTPIK,Lll,L 1=1,101) 

8CC0  FORMAT!  8X,  Al,  3X,  12,  A2,  10 1 A l  ) 

GO  TO  60 

65  WHlTE<6,8000)lTLE<K),MS<Kl,VEKT<K),<LOTP(K,L2),L2=l,l01t 
8002  FORMAT ( 8X, A  l , 5X, A2,  101A1 ) 

60  CONTINUE 

c 

C  WHITE  THE  HORIZONTAL  AXIS 

C 

WRITE!  6,  8001  I 

EC01  FORMAT  t  16X,  IOK'1'1  /  L6X,  20(  *1',  4X),  >1*  /  16X,  'O',  8X, 

1  '0.5*,  7 X,  '1.0',  7  X ,  '1.5*,  7X,  '2.0',  7X  ,  '2.5',  7X,  '3.0', 

2  7X,*3.5' ,7X,  *4.0',  7  X ,  '5.0'/  57X,  'TRAVEL  TIME  RATIO') 

C 

C  OUTPUT  THOSE  POINTS  THAT  FALL  CUTSIUE  THE  GRAPH 

C 

I F (  LL  .LE.  0  .CR.  LLL  .LE.  0  )  GO  TO  70 
C 

WRITE(6,8CC4) 

E0C4  FORMAT  (  1H1,  'THE  FOLLOWING  POINTS  DU  NOT  LIE  WITHIN  THE  BOUNDS  OF 
1  THE  GRAPH.  •//  5X,  'MODE  SPLIT',  5X ,  'TRAVEL-TIME  RATIO.'//  I 
DU  75  J-=  1  ,  LL 

WR I  I E ( 6 , 8003 )  MISS! J) , RSI J) 

SCO  3  FORMAT!  9X,  13,  15X,  F4.1  ) 

75  CONTINUE 
C 

70  RETURN 
END 


*♦♦***  (-NU  CF  COMPILATION  ****** 
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LISTING  OF  REGRESSION  ANALYSIS  SUBROUTINE 
_ OF  MODE  SPLIT  PROGRAM _ 


I  S  N 

COC2 

I  F>  A  C  t  =  C 

1  SN 

CCC  3 

5 

FORMAT  I  20A4  1 

1  SN 

CCC4 

01  PENSION  V  I  100)  ,W(  1001  , T  l  TLE  <  20 ) 

I  S  N 

OOOb 

2 

RE/SCIb, 5J  (TITLE  III, 1*1, 20) 

1  SN 

CCOfa 

3 

SUM  X  =  0 

ISN 

CCC7 

SUP Y -0 

ISN 

CCC  6 

SUM  X  2  =  0 

ISN 

CCC9 

SUMY  2  =  0 

[  SN 

CO  10 

SUM  X Y  =  0 

ISN 

CO  1  1 

N  =  0 

ISN 

CO  1 2 

7 

HEAL ( 5 ,  LO )  I  Y , X 

I  SN 

CO  1  3 

10 

FORMAT ( 6X , I  10.FL0.2I 

c 

CONTROL  CARO  AT  END  CF  LAST  OATA  SET  TO  STOP 

PWCGKaM 

1  SN 

0014 

IF<  IY.GT.100)  GO  TO  120 

c 

CONTRIL  CARu  AT  Ei»U  OF  EACH  DATA  SET  TO  RE-CYCLE 

I  SN 

0016 

I  F I  IY.LT.0  1  GC  TO  30 

I  s  r 

cote 

N -N-f  l 

isn 

0010 

Y=  I  Y 

isn 

0020 

SUPX=SUPX+X 

ISK 

002  1 

SUMY=SUMY3Y 

ISN 

0022 

SUMX2=SLMX2+X**2 

is  n 

CC2  3 

SUMY2=SUMY2+YN»2 

ISN 

C024 

SUMXY=SLMXYf X*Y 

I  SN 

0025 

V  {  N  >  =  Y 

ISN 

0026 

W  I  N  )  =  X 

ISN 

CC2  7 

GO  TO  7 

ISN 

CC28 

30 

COM  INUE 

ISN 

C  0  2  0 

Ff\=f\ 

ISN 

C03C 

A=tSUMX2*SUM7-SUMX*SUMXY)/(FN4SUMX2-SUMX4*2> 

ISN 

003  1 

0IT;FN»SUMXY-SUMX*SUMY</4FN’<'SUMX2-SUYX<’42< 

ISN 

0032 

C  =  (SUMYz'<'SUMX-SUMY4S"UMXY)  /  (  FN4SUMY2-SUMY**2  > 

ISN 

003  3 

D=(FN*$UMXY-$UMY*SUPX)/(FN*SUYY2-SUYY**2> 

ISN 

0034 

R  #  7FN4SUMXY-SUM  X  4SLtMY</SUP  T  i  7FN4SUMX2-bJMX  *  4  2  <  *  7EN4SUMY  3- 

ISN 

C035 

wP.  I  TE-I6 ,40<XT  I  TLE  U  <  ,1  *  1 , 20< 

ISN 

0036 

40 

FORMAT (  1H I ,  20X ,20A4 ) 

ISN 

CC3  7 

I  PAGE# I PAGEE1 

ISN 

0038 

wR  I TE ( 6 ,50  M PAGE 

I  SN 

0039 

50 

FORMA  F ( 80X , 4HPAGE ,  14 ) 

ISN 

0040 

NR  I T  E I  6 ,60  I 

ISN 

004  1 

6  0 

FORM  A T ( /34X , • MODE  SPL I ff , 3X ,’ TRAVEL  TIME’) 

ISN 

0042 

WRITE! 6 ,61  ) 

ISN 

0043 

6  1 

FORMAT ( SOX  ,  ’RAT  I  0 ’  ) 

ISN 

C044 

WR  ITE ( 6 , 70  )  ( V(I> , W (  I  )  ,  I  =  l  ,  N ) 

ISN 

0045 

70 

FORMAT ( 32X,F10.0,2X,F10.2 ! 

I  SN 

0046 

(PAGE# [PAGESl 

ISN 

004  7 

WR ITEJ6,40<?T  ITLF  < I <  « I #l,20< 

ISN 

0048 

WRITE(6,50I IPAGE 

ISN 

C  04  9 

WR 1 TE ( 6 ,80 ) 

ISN 

0050 

80 

FORMAT ( /////38X, ’REGRESSION  LINT  Y  ON  X') 

ISN 

005  1 

WR I T  E ( 6 ,90  1  A  ,  B 

ISN 

0052 

90 

FORMAT (740X, 3FY  =,F10.4,2H  ♦,F10.4,2H  X) 

ISN 

0053 

WR I T  E ( 6 , 100  1 

ISN 

0054 

ioo 

FORMAT ( 730X  ,  M Y-  MODE  SPLIT!  X=  TRAVEL  TIME 

RATIO* 1 

ISN 

0055 

WRITE(6,110IR 

1  SN 

0056 

110 

FORMAT  I /// 38X , 1 LOEFF !C I FNT  OF  CORRELATION  =*, 

»  F  7*  * 

ISN 

CCS  7 

GO  TO  2 

ISN 

0058 

120 

STOP 

I  SN 

CC59 

END 

EMC  OF 

CCH.FllMICN  »**»»* 

JEIQUBSJia 


♦  ttftmoitt) 


INT  T  !  Al  I  7F 

SUMS 

************* 


*««»*«»*«  »»«««» 

*  *  * 

»  *  *  PK’KOUM*  ♦ 

♦TO*,  .x*  SUM  XY- SUWX*  ♦ 
*  *  ♦r,ilMYn/  TKr'JNT  *  * 

*  *  *  r'r  £  -SI  i  *•*  <  *  *  z  * 


Dl6 


V 

***«**«:  t******* 

*  * 

*  * 

*  DO  in  I  * 

*  1 tKfUNT  * 

*  * 
*************** 


V 

*  ♦ 

*  * 

♦CAIC  CCEFF  DF* 

*  Cr^RFl AT  ?  CM  * 

♦  * 


******** 


CALF  THr  SU*S 


Q*R/ SQ°  T%Z 
Kfl'JNT  *  Atin 


V 

*************** 

*  * 

*  * 

♦  su«x*  * 

♦  SUmx+XTTd  * 

♦  * 


V 

*********** 


♦ 

*  RETURN 

♦ 


SUY  Y« 
sum y  +  y  rr  n 


STOP 


.  _SUMX2  9  .* 

SUMX?+Xn°T  nc*?t 


************** 


******* 


*SUMY?«  SIHY2  +  * 
*  fY-fn**?  * 


*************** 


*************** 


♦SUUXY *  SUMXY+* 
♦  jfT|nf|v?|n  * 
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HQUSfc  VALUE  GROUP  -  $14,000  TO  $17,000 
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HCUCt  VALUt  CROUP  -  »1  7,J 
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HOUSE  VALUE  GKUUP  -  *17,000  TO  *22,000 


D24 


i 


I  I 
I 

o 


I  i 
i 


•  i  I  »  i  I  i  i 


•  t  i  i  i  i  i  i 


i  i 
I 


i  i  i  i  i  i 


X  <.  uO  > 


HOLSE  VALUE  GKUUH  -  GKLATtK  THAN  $Ji,500 


D25 


I  I  I 
I 


-n 

•0 


}  1  *  {  1  *  J  1  •  J  1  1  J  1  1  {  1  1  i  i  i  i  »  •  f  i  -I  i  i  i '  i 

•  i  i  i  i  • 


n 


a.  -j  —  t- 


HQLSE  VALUE  GKUUP  -  GSEATth.  THA,\  *25 


D2  6 


D27 


FIGURE  D-14  DECK  COMPOSITION  —  MODE  SPLIT  PROGRAM  NO. 4 


APPENDIX  E 


REQUIRED  SPEED  PROGRAM 


E2 


Listing  of 


TABLE  E.l 


Required  Speed  Program  Ho,  5 


ISN  9°P2 


ISN  r.'-'  3 
ISN  PPP4 
ISM  rrrs 
ISM  PPP6 
ISM  nr" 7 
ISM  PPOB 
ISM  pppp 
ISM  "PIP 
ISM  nrill 
ISM  riu 
ISM  PP13 
I  SM  m  1  4 
ISM  "CIS 
ISM  r  P 1  6 
ISM  rru 
ISM  9913 
ISM  9919 

ISM  rr?r 
ISM  pp?1 
ISM  <'n2? 
ISM  PP23 
ISM  nn?4 
ISM  pp?S 
ISN  r'n?b 
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